Sporulation and hybridisation of industrial strains of Saccharomyces cerevisiae and Saccharomyces carlsbergensis. by Anderson, Elizabeth
        
University of Bath
PHD









If you require this document in an alternative format, please contact:
openaccess@bath.ac.uk
General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Download date: 11. May. 2021
7rP6650

SPORULATION AND HYBRIDISATION OF INDUSTRIAL
STRAINS OF SACCH;aO?.TYCES CIÎREVISIAE
AND SACOTAROiryCES CARLSBERGENSIS
S u b m itte d  by E l iz a b e th  A nderson 
f o r  th e  d e g re e  o f  P h .D . 
o f  t h e  U n iv e r s i ty  o f  B a th  
1974
COPYRIGHT
A tte n t io n  i s  dravm to  th e  f a c t  t h a t  c o p y r ig h t  o f  t h i s  t h e s i s  r e s t s  
w ith  i t s  a u th o r .  T h is  copy o f  th e  t h e s i s  h as  been  s u p p lie d  on 
c o n d i t io n  t h a t  anyone who c o n s u l t s  i t  i s  u n d e rs to o d  to  r e c o g n is e  
t h a t  i t s  c o p y r ig h t  r e s t s  w ith  i t s  a u th o r  and t h a t  no q u o ta t io n  from  
th e  t h e s i s  and no in fo rm a t io n  d e r iv e d  from  i t  may be p u b l is h e d  
w i th o u t  th e  p r i o r  w r i t t e n  c o n s e n t  o f th e  a u th o r .
S ig n e d :  L .W O T O O /) .
RESTRICTIONS ON USE
T h is  t h e s i s  may n o t  be c o n s u l t e d ,  p h o to c o p ie d  o r  l e n t  to  o th e r  l i b r a r i e s  
w i th o u t  th e  p e rm is s io n  o f  th e  a u th o r  and o f  A l l ie d  B re w e rie s  ( P ro d u c t io n )  
L im ite d  f o r  f i v e  y e a r s  from  th e  d a te  o f a c c e p ta n c e  o f  th e  t h e s i s .
ProQuest Number: U641781
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest.
ProQuest U641781
Published by ProQuest LLC(2015). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.
Microform Edition © ProQuest LLC.
ProQuest LLC 
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346
SUMMARY
-, i  -
A S tu d y  was made o f  t h e  s p o r u l a t i n g  b e h a v io u r  o f  s e l e c t e d  s t r a i n s  o f  
S acch aro m y ce s  c e r e v i s l a e  and  S acch aro m y ces c a r l s b e r g e n s l s  and th e  fe rm en ­
t a t i o n  p r o p e r t i e s  o f  t h e s e  ’ p a re n t*  y e a s t s  and t h e  s t r a i n s  d e r iv e d  fro m  
them  by h y b r i d i s a t i o n  o f  m a t in g  i s o l a t e s *
The b re w in g  s t r a i n s , i n  g a i e r a l , s p o r u l a t e d  l e s s  r e a d i l y  th a n  th e  
b a k in g ,  d i s t i l l i n g  and  o t h e r  s t r a i n s .  T he  ’ la g e r*  y e a s t s ,  s t r a i n s  o f  
S a c c h * c a r l s b e r g e n s i s , h ad  p o o r e r  o v e r a l l  s p o r u l a t i n g  a b i l i t y  th a n  th e  ’ a l e ’ 
y e a s t s  w h ich  w e re  a l l  s t r a i n s  o f  S a c c h . c e r e v i s l a e . M ost o f  t h e  s t r a i n s  
o f  S a c c h . c e r e v i s l a e  w ere  shown to  b e  h e te ro z y g o u s  f o r  m a t in g  t y p e ,  and 
t h e  p r o p o r t io n s  o f  s t r a i n s  o f  e a ch  m a tin g  ty p e  p ro d u c e d  r e v e a le d  t h a t  
n o n e  o f  t h e s e  b re w in g  y e a s t s  was s im p ly  d i p l o i d ,  b u t  p ro b a b ly  e i t h e r  t r i -  
p l o i d  o r  a n e u p lo id .  Two o f  th e  s t r a i n s  o f  S a c c h .  c a r l s b e r g e n e l s  w ere  
a p p a r e n t ly  hom ozygous f o r  m a tin g  ty p e  g e n e s ,  and th e s e  s t r a i n s  w e re  
c a p a b le  o f  h y b r i d i s a t i o n  w i th  s t r o n g l y  f e r t i l e  m a tin g  s t r a i n s  d e r iv e d  
fro m  o t h e r  y e a s t s .
The h y b r id  s t r a i n s ,  w h ich  had  b een  p ro d u c e d  from  c o m p a t ib le  c r o s s e s  
be tw een  a p p r o p r i a t e  m a tin g  s t r a i n s  d id  n o t  a l l  h a v e  p r o p e r t i e s  i n te r m e d ia t e  
be tw een  th o s e  o f  t h e i r  p a r e n t  y e a s t s .  E x a m in a tio n  o f  th e  i n h e r i t a n c e  
p a t t e r n s  among h y b r id  s t r a i n s  f o r  t h e i r  f e r m e n ta t io n  c h a r a c t e r i s t i c s ,  
nam ely  f l o c c u le n c e ,  h e a d - fo rm in g  a b i l i t y ,  d u r a t i o n  o f  l a g  p h a s e  o f  g ro w th , 
and a t t e n u a t i v e  a b i l i t y ,  i n d i c a t e d  t h a t  a l l  o f  t h e s e  p r o p e r t i e s  a r e  p ro b ­
a b ly  c o n t r o l l e d  by  m u l t ip l e  gene s y s te m s , some o f  w h ich  may a c t  i n  an 
a d d i t i v e  w ay. In  scMce o f  t h e  c r o s s e s ,  th e  g en es  c o n f e r r i n g  f lo c c u le n c e  
e x h i b i t  c l a s s i c a l  dom inance b u t ,  among h y b r id s  d e r iv e d  from  one  b re w in g  
s t r a i n  o f  S a c c h , c e r e v i s l a e . n o n - f lo c c u le n c e  was shown to  b e  t h e  d o m in an t 
t r a i t .
-  i l  -
M ore d e t a i l e d  r e s p i r o m e t r i c  e x p e r im e n ts ,  u s in g  s e l e c t e d  h y b r id s  
a s  w e l l  a s  t h e i r  p a r e n t  y e a s t s  and com ponent m a t in g  s t r a i n s ,  d e m o n s tra te d  
t h a t  p o ly m e r ic  gene  sy s te m s  c o n t r o l  th e  f e r m e n ta t io n  o f  th e  s a c c h a r id e s  
p r e s e n t  i n  b rew ers*  a l e  w o r t ,  and t h a t  t h e  r a t e  a t  w h ich  a  y e a s t  c a n  
fe rm e n t  th o s e  s u g a r s  i s  r e l a t e d  t o  i t s  p r o t e i n  c o n t e n t ,  p h a s e  o f  g ro w th  
and  th e  c o m p o s i t io n  o f  t h e  w o r t .
A n a l y t i c a l  r e s u l t s  f o r  b e e r s  p ro d u c e d  by s e l e c t e d  h y b r id  s t r a i n s  and  
c o n t r o l  y e a s t s ,  i n  p r o d u c t i o n - s c a l e  t r i a l s ,  r e v e a le d  d i f f e r e n c e s  i n  t o t a l  
f u s e l  o i l  c o n t e n t s ,  b u t  t h e s e  d id  n o t  c o r r e l a t e  w i th  o r g a n o l e p t i c  e v a lu a ­
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INTRODUCTION
-  1 -
The a l c o h o l i c  b e v e ra g e , b e e r^ h a s  b e e n  p ro d u c e d  f o r  c e n t u r i e s  and 
th e  te c h n iq u e s  u s e d  h av e  o n ly  c h an g ed  s lo w ly .  R e s e a rc h  i n to  b re w in g  
te c h n o lo g y  w i th  a  v iew  t o  im p ro v in g  th e  o v e r a l l  e f f i c i e n c y  o f  t h e  p r o c e s s  
i s  a  f a i r l y  r e c e n t  in n o v a t io n .
B e e r i s  p ro d u c e d  by th e  a l c o h o l i c  f e r m e n ta t i o n  by y e a s t  o f  an  aqu eo u s 
e x t r a c t  o f  m a l t ,  t h a t  h a s  b een  f la v o u r e d  w i th  h o p s .  T h is  e x t r a c t ,  known 
a s  b rew ers*  m a lt  w o r t ,  i s  p a r t i a l l y  c l a r i f i e d ,  d i l u t e d  w i th  w a te r  t o  th e  
r e q u i r e d  s p e c i f i c  g r a v i t y  f o r  th e  p r o d u c t ,  and th e n  in o c u la te d  w ith  a  
s u i t a b l e  y e a s t .  The w o rt c o n ta in s  a l l  o f  th e  n e c e s s a r y  n u t r i e n t s  f o r  
y e a s t  g ro w th . The c e l l s  d i v i d e ,  and  fe rm e n t  th e  m ono-, d i - ,  and 
t r i s a c c h a r i d e s  l e a d i n g  to  t h e  p r o d u c t io n  o f  c a rb o n  d io x id e  and e t h a n o l .
The d e n s i t y  o f  t h e  w o r t  f a l l s  and th e  f i n a l  p r o d u c t  a t  t h e  s p e c i f i e d  
g r a v i t y  i s  b e e r .  T h is  i s  th e n  f i l t e r e d  o r  t r e a t e d  w i th  f in i n g s  t o  
rem ove y e a s t  and o t h e r  p a r t i c u l a t e  m a t t e r ,  o r  * la g e r e d ’ , d e p e n d in g  on 
t h e  ty p e  o f  f e r m e n ta t io n  c a r r i e d  o u t  and b e e r  r e q u i r e d .  O th e r  m a t e r i a l s  
may b e  added  b e f o r e  p a c k a g in g , su ch  a s  hop e x t r a c t s ,  c o lo u r in g  a g e n t s ,  
s y ru p s  o r  h e a d - r e t e n t i o n  a i d s .
B e e rs  a r e  c l a s s i f i e d  i n t o  m ain g ro u p s  a c c o r d in g  t o  th e  f o rm u la t io n  
o f  t h e  w o rt (w h e th e r  p ro d u c e d  from  *a le*  o r  * la g e r*  m a l t ) ,  t h e  ty p e  o f  
y e a s t  u s e d  f o r  f e r m e n ta t i o n ,  and th e  t r e a tm e n t  o f  t h e  p r o d u c t .  Some 
y e a s t s  s e t t l e  t o  t h e  b a s e  o f  th e  v e s s e l  d u r in g  f e r m e n t a t i o n .  T h e se  a r e  
u s e d  m a in ly  t o  p ro d u c e  * la g e r*  b e e r s  and a r e  n o rm a lly  s t r a i n s  o f  S a c c h ­
arom yces c a r l s b e r g e n s i s . The d e s ig n a t io n  S acch aro m y ces  uvarum  i s  now 
recommended f o r  t h i s  s p e c ie s  by a u t h o r i t i e s  on y e a s t  c l a s s i f i c a t i o n  
(L o d d e r , 1 9 7 0 ) , b u t  in  t h e  b re w in g  in d u s t r y  th e  o l d e r  name s t i l l  
p re d o m in a te s  and  t h e r e f o r e  w i l l  be  u se d  th ro u g h o u t  t h i s  t h e s i s .  O th e r
— 2 —
s t r a i n s  o f  y e a s t  u s e d  i n  b r e w e r ie s  r i s e  t o  t h e  s u r f a c e  o f  t h e  f e r m e n t in g  
medium in  co m p lex es  o f  c lum ps o f  y e a s t  c e l l s  known a s  f l o e s ,  w h ic h  
com bined  w i th  b u b b le s  o f  c a rb o n  d io x id e  form  a  y e a s t  h e a d . T h e se  ' t o p -  
f e rm e n te rs *  a r e  u s u a l l y  s t r a i n s  o f  S acch aro m y ces  c e r e v i s l a e  an d  a r e  
u t i l i s e d  f o r  a l e  p r o d u c t io n .  T h is  d i s t i n c t i o n  i s  no  lo n g e r  a s  c l e a r  
a s  i n  th e  p a s t ,  f o r  *b o tto m -fe rm e n tin g *  s t r a i n s  o f  S a c c h . c e r e v i s l a e  a r e  
now u s e d  f o r  a l e  f e r m e n ta t io n s  i n  some ty p e s  o f  f e r m e n t in g  v e s s e l s .
The m ain  tax o n o m ic  d i f f e r e n c e  b e tw een  t h e s e  two y e a s t  s p e c i e s  ( R l s c h b ie t  
and T o l l i n g ,  1886 ; B e r t h e l o t ,  1889) i s  t h e  a b i l i t y  t o  f e r m a i t  m e l ib io s e ,  
f o r  th e y  a r e  c l o s e l y  r e l a t e d  to  one  a n o th e r  (C a m p b e ll, 1 9 7 1 ) . I t  i s  
p o s s ib l e  t h a t  th e y  w i l l  e v e n tu a l l y  b e  i n te r c h a n g e a b le  in  a l e  a n d  l a g e r  
b r e w e r i e s .  In  a d d i t i o n  s t r a i n s  o f  S a c c h . c a r l s b e r g e n s i s  c h a r a c t e r i s t i c - »  
a l l y  fe rm e n t  b e t t e r  a t  lo w e r  t e m p e r a tu r e s . H ence th e y  a r e  u s e d  f o r  
l a g e r  f e r m e n ta t i o n s  w h ich  a r e  c o n d u c te d  a t  t « n p e r a tu r e s  o f  10-16®C 
com pared  w i th  te m p e ra tu re s  o f  17 to  20*C w hich  a r e  u se d  f o r  a l e  fe rm en ­
t a t i o n s  ,
T he p h y s ic a l  b e h a v io u r  o f  a  y e a s t  d u r in g  f e r m e n ta t io n  i s  o f  g r e a t  
im p o r ta n c e . As th e  s p e c i f i c  g r a v i t y  o f  th e  w o r t  f a l l s ,  t h e  f l o e s  o f  
y e a s t  c e l l s  may e i t h e r  r i s e  t o  t h e  s u r f a c e  o f  t h e  f e r m e n t in g  w o r t  o r  th e y  
may s e t t l e  t o  th e  b a s e  o f  th e  v e s s e l  t o  form  a  s e d im e n t .  Some s t r a i n s  
com bine th e  two ty p e s  o f  b e h a v io u r  and o t h e r s  re m a in  in  s u s p e n s io n  
th ro u g h o u t  f e r m e n t a t i o n .  H e a d -fo rm in g  s t r a i n s  a r e  u s e d  in  b re w e ry  
v e s s e l s  w here  t h e  y e a s t  i s  h a r v e s te d  f o r  r e - i n o c u l â t io n  by sk im m in g , t h a t  
i s ,  rem o v in g  t h e  y e a s t  from  th e  s u r f a c e  o f  th e  f e r m e n t in g  w o r t .  The 
seco n d  g ro u p , th e  b o t to m -f e rm e n tin g  s t r a i n s ,  a r e  s u i t a b l e  f o r  u s e  in
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v e s s e l s  w here  c ro p s  o f  y e a s t  a r e  c o l l e c t e d  from  t h e  b a s e .  A non*» 
f l o c c u l e n t  y e a s t  ( t h a t  i s ,  one w hich  re m a in s  in  s u s p e n s io n )  c a n  o n ly  be 
u t i l i s e d  w here  t o t a l  b e e r  o u tp u t  i s  c e n t r i f u g e d  f o r  c l a r i f i c a t i o n .
T he  y e a s t s  u s e d  a t  t h e  p r e s e n t  t im e  i n  b r e w e r ie s  a r e  i n  many ways 
v e ry  s a t i s f a c t o r y ,  b u t  c a n  be  im p ro v e d . F e r m e n ta t io n  sy s te m s  h a v e  been  
a d a p te d  and  r e d e s ig n e d  e v e r  s in c e  t h e  dawn o f  b re w in g , b u t  d u r in g  t h i s  
c e n tu r y  th e  r a t e  o f  c h a n g e  h a s  in c r e a s e d  e n o rm o u s ly . The * a le*  y e a s t s  
u s e d  i n  t h e  p a s t  a r e  n o t  i d e a l l y  s u i t e d  t o  t h e  m odem  ty p e s  o f  f e r m e n ta t io n  
v e s s e l s ,  w h ic h , f o r  maximum f e r m e n ta t io n  e f f i c i e n c y  m ust be  f i l l e d  above 
t h e  l e v e l  p r a c t i c a b l e  i f  a  to p - f e r m e n t in g  s t r a i n  i s  i n  u s e .  T h e se  
v e s s e l s  a r e  a l s o  f r e q u e n t l y  much l a r g e r  th a n  th e  o n es  th e y  s u p e r s e d e ,  and 
h av e  a  d i f f e r e n t  a s p e c t  r a t i o  ( t h e  r a t i o  o f  t h e  h e ig h t  t o  t h e  s u r f a c e  
a r e a ) .  T h is  c a n ,  i n  i t s e l f ,  p ro m o te  a  c h a n g e  in  th e  p h y s i c a l  b e h a v io u r  
o f  y e a s t  c e l l s ,  and may a l t e r  th e  m e ta b o lism  o f  th e  s t r a i n  and u l t i m a t e l y  
th e  f l a v o u r  o f  t h e  b e e r .  A lthough  h a r v e s t i n g  p ro c e d u re s  may e x e r t  a  
s e l e c t i v e  p r e s s u r e  on t h e  y e a s t  p o p u la t io n  s o  t h a t  m u ta n ts  w h ic h  a r e  more 
s u i t e d  t o  t h e  new v e s s e l s  p re d o m in a te , t h i s  may be  a t  t h e  e x p e n se  o f  
d e s i r a b l e  c h a r a c t e r i s t i c s  i n  t h e  p a r e n t  s t r a i n .  F o r  ex am p le , a  new 
v e s s e l  may b e  d e s ig n e d  f o r  b a s e - c o l l e c t i o n  o f  y e a s t ,  w h ich  c a n  in  t u r n  
te n d  to  s e l e c t  f o r  g o re  f l o c c u l e n t  s t r a i n s .  T h is  c a n  le a d  t o  l o s s  o f  
a t t e n u a t i v e  a b i l i t y  a n d /o r  an  a l t e r a t i o n  i n  t h e  f l a v o u r  o f  t h e  b e e r  p ro ­
d u c e d . Such  s e l e c t i v e  m u ta t io n s  may n o t  t h e r e f o r e  be a b le  t o  p r o v id e  an 
i d e a l  y e a s t  f o r  a  p a r t i c u l a r  f e r m e n ta t io n  s y s te m .
The d e s i r a b l e  p r o p e r t i e s  o f  b re w in g  y e a s t s  a r e  s e v e r a l .  F i r s t l y ,  
t h e  y e a s t  s h o u ld  be  a b le  t o  fe rm e n t  t h e  m ono-, d i -  and  t r i s a c c h a r i d e s  
p r e s e n t  i n  w o r t  r a p i d l y .  The f a c t o r s  c o n t i o l l i n g  th e  r a t e  a t  w h ic h  a
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y e a s t  s t r a i n  w i l l  fe rm e n t w o r t  s a c c h a r id e s  a r e ,  f i r s t l y ,  th e  r a t e s  a t  
w h ich  th e  s u g a r s  c a n  g a in  a c c e s s  t o  th e  i n s i d e  o f  t h e  y e a s t  c e l l ,  and 
s e c o n d ly  th e  r a t e  o f  f e r m e n ta t io n  o f  t h e s e  com pounds by t h e  i n t r a c e l l u l a r  
o r  i n t e r n a l  m em brane-bound en zy m es. The m o n o sa c c h a r id e  p r e s e n t  i n  
b rew ers*  m a lt  w o r t  in  th e  h i g h e s t  c o n c e n t r a t i o n ,  nam ely  g lu c o s e ,  i s  t r a n s ­
p o r te d  i n to  c e l l s  o f  S a c c h . c e r e v i s l a e  by a  f a c i l i t a t e d  d i f f u s i o n  
m echanism  (K o ty k , 1 9 6 1 ) , i s  p h o s p h o ry la te d  an d  m e ta b o l is e d  l a r g e l y  by t h e  
Em bden-M eyerhof g l y c o l y t i c  p a th w a y . The p y r u v a te  p ro d u c e d  may th e n  be 
u s e d  a e r o b i c a l l y ,  when oxygen  i s  a v a i l a b l e ,  by  t h e  t r i c a r b o x y l i c  a c id  
c y c le  t o  p r o v id e  t h e  c e l l  w i th  e n e rg y  and a l s o  t h e  p r e c u r s o r s  o f  n u c l e i c  
a c id s  and p r o t e i n s ,  n e c e s s a r y  f o r  c e l l  g row th  an d  m a in te n a n c e . T h i s  
m ethod f o r  p r o d u c in g  th e  e n e rg y  th e  c e l l  n e e d s  w ould  be  p re d o m in a n t e a r l y  
i n  f e r m e n ta t io n  when oxygen i s  p l e n t i f u l .  Oxygen l e v e l s  in  w o r t s  v a ry  
from  2 ,8  m l / l i t r e  t o  1 4 .2  m l / l i t r e  d e p e n d in g  on w h e th e r  t h e  w o r t  i s  
c o o le d  in  c lo s e d  o r  open  v e s s e l s  and on th e  te m p e ra tu re  o f  m easu rem en t 
(M acW illiam , 1 9 6 8 ) .  As th e  oxygen s u p p ly  becom es d e p le t e d ,  v i r t u a l l y  
c o m p le te  a f t e r  90 min i n  a  b re w e ry  f e r m e n ta t io n  ( P in n e g a r ,  1 9 6 5 ) , t h e  
y e a s t  c e l l s  th e n  g r a d u a l ly  ch a n g e  o v e r  to  a n a e r o b ic  m echanism s o f  o b t a i n in g  
e n e rg y , m a in ly  by  c o n v e r t in g  t h e  p y r u v a te  t o  a c e ta ld e h y d e ,  w h ich  i s  in  
t u r n  re d u c e d  t o  e t h a n o l .
T h is  a n a e r o b ic  c o n v e r s io n  o f  g lu c o s e  t o  e th a n o l ,  an  in c o m p le te ly  
d e g ra d e d  end p r o d u c t ,  i s  n o t  th e  m ost e f f i c i e n t  means f o r  a  y e a s t  t o  
o b t a i n  e n e rg y . T he c h a n g e  in  f r e e  e n e rg y  o f  t h e  o v e r a l l  e q u a t io n  f o r  
a l c o h o l i c  f e r m e n ta t io n  — > 2C^HgOH + 2C0g) i s  a p p ro x im a te ly
-5 6  k c a l  p e r  m ole o f  g lu c o s e  c a t a b o l i s e d .  The f i g u r e  f o r  t h e  c o m p le te  
co m b u s tio n  o f  g lu c o s e  i s  -6 8 6  k c a l  p e r  m o le , and  t h e r e f o r e  i t  i s  e v id e n t
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t h a t  f e r m e n ta t io n  i s  a  l e s s  eccmomic m eans o f  o b t a i n in g  e n e rg y  (p ro d u c in g  
f r e e  e n e rg y  and e n e r g y - c o n s e r v in g  com pounds su c h  a s  ATP) th a n  r e s p i r a t i o n .  
H en ce , u n d e r  a n a e r o b ic  c o n d i t i o n s ,  t h e  y e a s t  m ust f e rm e n t  m ore s u g a r  th a n
when oxygen i s  f r e e l y  a v a i l a b l e ,  in  o r d e r  t o  y i e l d  t h e  r e q u i r e d  e n e rg y  t o
l i v e .
T h u s , i n  b rew e ry  f e r m e n ta t io n s  a  b a la n c e  i s  a c h ie v e d  b e tw een  th e  
e n e r g y - y i e l d in g  p a th w ay s a v a i l a b l e  t o  th e  y e a s t ,  d e p e n d e n t on f e r m e n ta t io n  
c o n d i t i o n s .  G lu c o s e  i s  n o rm a lly  b ro k e n  down, m a in ly  by th e  Embden- 
M eyerhof p a th w a y , t o  p y r u v a te ,  w h ic h , u n d e r  a e r o b ic  c o n d i t i o n s ,  i s  
c o n v e r te d  to  a c e t y l  CoA. T h is  compound i s  th e  s t a r t i n g  m a t e r i a l  f o r  th e  
c i t r i c  a c id  c y c l e ,  a  pa thw ay  w h ich  p r o v id e s  r e d u c in g  pow er and  p r e c u r s o r s  
f o r  th e  a n a b o l ic  p r o c e s s e s  n e c e s s a r y  t o  s y n t h e s i s e  new c e l l  co m p o n en ts .
As oxygen becom es l i m i t i n g ,  t h e  y e a s t  c e l l s  c h a n g e  t h e i r  m e ta b o lis m , and 
fe rm e n t  th e  p y r u v a te  fo rm ed  a n a e r o b i c a l l y ,  d e c a r b o x y la t in g  i t  t o  a c e t a l ­
d e h y d e . M ost o f  th e  a c e ta ld e h y d e  fo rm ed  i s  r e d u c e d  t o  e th a n o l  an d
c a rb o n  d io x id e  b u t ,  u n d e r  c e r t a i n  c o n d i t io n s  t h i s  c o n v e rs io n  may b e
b lo c k e d ,  c a u s in g  a  b u i ld - u p  o f  d ih y d ro x y a c e to n e  p h o s p h a te ,  w h ich  i s ,  in  
t u r n ,  re d u c e d  t o  g l y c e r o l .  The o th e r  m o n o sa c c h a r id e  p r e s e n t  i n  b rew ers*  
m a lt  w o r t ,  f r u c t o s e ,  i s  ta k e n  up  and  m e ta b o l i s e d  i n  a  s i m i l a r  m anner to  
g lu c o s e ,  b u t  t h i s  s u g a r  i s  d i r e c t l y  p h o s p h o ry la te d  by h e x o k in a s e  on 
e n t e r i n g  th e  h e x o se  m onophosphate  p a th w a y , and t h e  enzyme g lu c o s e  p h o s­
p h a te  iso m e ra s e  i s  o b v io u s ly  n o t  u t i l i s e d .
I n  o r d e r  t o  a t t e n u a t e  w o r t  s u f f i c i e n t l y ,  t h e  y e a s t  m ust be  a b l e  t o  
m e ta b o l i s e  a s  much a s  p o s s i b l e  o f  i t s  f e r m e n ta b le  c a r b o h y d r a te s .  The 
m ain c a rb o h y d r a te s  i n  a l l - m a l t  a l e  w o r ts  o f  s p e c i f i c  g r a v i t y  1 .0 4 0  a r e  
g lu c o s e ,  f r u c t o s e ,  s u c r o s e ,  m a l to s e  and  m a l t o t r i o s e  a t  c o n c e n t r a t io n s  o f
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1 ,0 ,  0 ,3  t o  0 .9 ,  0 .5  t o  0 .6 ,  3 . 9 ,  and  1 .1  t o  1 .3  g  p e r  100 ml o f  w o r t  
r e s p e c t i v e l y  (M acW illiam , 1 9 6 8 ) . In  l a g e r  w o r ts  o f  s i m i l a r  s t a r t i n g  
g r a v i t i e s ,  t h e  c o n c e n t r a t io n s  a r e  s i m i l a r ,  nam ely  0 .7  t o  1 ,3  g  o f  
g lu c o s e  p e r  100 m l, 0 .1  t o  0 .3  g  f r u c t o s e  p e r  100 m l, and th e  h ig h e r  
s a c c h a r id e s  s u c r o s e ,  m a lto s e  and m a l t o t r i o s e  a t  c o n c e n t r a t io n s  o f  0 .1  
t o  0 .3 8 ,  5 .0  and  1 .2  t o  1 .5  g  p e r  100 m l. N o n -fe rm e n t a b le  c a r b o h y d r a te s  
form  a  f u r t h e r  5 g  p e r  100 m l. T he m ost im p o r ta n t  f e r m e n ta b le  s a c c h ­
a r i d e s  p r e s e n t  in  w o r t ,  t h e r e f o r e ,  a p a r t  from  g lu c o s e  and f r u c t o s e  a r e  
s u c r o s e ,  m a l to s e  and m a l t o t r i o s e  w h ich  a r e  i n i t i a l l y  c o n v e r te d  i n t o  
t h e i r  com ponent m o n o sa c c h a r id e s , g lu c o s e  and f r u c t o s e  from  s u c r o s e ,  and  
g lu c o s e  m o le c u le s  o n ly  from  m a l to s e  and m a l t o t r i o s e .  The m o n o sa c c h a r id e s  
th e n  e i t h e r  u n d e rg o  g l y c o l y s i s  by th e  Em bden-M eyerhof pathw ay  t o  g iv e  
e th a n o l  and c a rb o n  d io x id e ,  o r  a r e  c a t a b o l i s e d  v i a  th e  t r i c a r b o x y l i c  a c id  
c y c le  a f t e r  c o n v e rs io n  to  p y r u v a te ,  a s  d e s c r ib e d  a b o v e .
S u c ro s e  i s  b ro k e n  down by a  y e a s t - w a l l  enzym e, p - D - f r u c to f u r a n o s id e  
f r u c t o l y a s e ,  and th e  g lu c o s e  and  f r u c t o s e  a r e  th e n  t r a n s f e r r e d  th ro u g h  
th e  c e l l  w a l l  and th e  membrane by f a c i l i t a t e d  d i f f u s i o n .  The d i s a c c h ­
a r i d e  m a l to s e ,  t h e  p re d o m in a n t s a c c h a r id e  in  m a lt  w o r t ,  and t h e  t r i -  
s a c c h a r id e  m a l t o t r i o s e  a r e  b o th  t r a n s p o r t e d  th ro u g h  t h e  c e l l  w a l l  and 
membrane by t h e  a c t i o n  o f  p e rm e a s e s , b e f o r e  m ak ing  th e m s e lv e s  a v a i l a b l e  
t o  t h e  enzyme a - D -g lu c o s id e  g lu c o h y d r o la s e .  The a c t u a l  p o s i t i o n  o f  t h i s  
enzym e, o th e r w is e  known a s  'm a l t a s e * ,  in  th e  c e l l  i s  u n c e r t a i n ,  f o r  i t  
h a s  b een  s u g g e s te d  (S u o m a la in e n , 1948) t h a t  b a k e rs*  y e a s t  c o n ta in s  two 
d i f f e r e n t  a - g l u c o s i d a s e s , o n e  i n t e r n a l ,  and t h e  o t h e r ,  a c t i v e  i n  a c id  
m ed ia , l o c a t e d  on th e  s u r f a c e .  H ow ever, i n  b rew ers*  y e a s t s  w h ich  la c k  
a -D - g lu c o s id e  g lu c o h y d r o la s e  a c t i v i t y  in  su c h  m ed ia , t h e  enzyme seem s t o
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b e  l o c a t e d  in  t h e  c e l l  w a l l .  B rew ers*  y e a s t s  h a v e  been  shown to  b e  
a b le  to  decom pose c e l l o b i o s e ,  b u t  v e ry  s lo w ly  (W eidenhagen , 1 9 3 0 ) ,
F e r m e n ta t io n  o f  m a l to s e ,  th e  m a jo r  c a r b o h y d r a te  com ponent o f  m a lt 
w o r t ,  i s  r e p o r t e d  to  b e  c o n t r o l l e d  by  p o ly m e r ic  g a ie s  in  S acch aro m y ces 
s p e c i e s .  A l to g e th e r  up  to  s i x  g en es  may b e  r e s p o n s i b l e  f o r  th e  p ro d u c ­
t i o n  o f  m a l ta s e ,  o th e r w is e  known as  a - D - g lu c o s id e  g lu c o h y d r o la s e ( 3 ,2 .1 ,2 0 )  
(W inge and R o b e r ts ,  1958 ; O e s e r  and W in d isc h , 1 9 6 4 ) ,  T h is  enzyme i s  
a b l e  t o  s p l i t  a - g l u c o s i d i c  l in k a g e s  i n  m a l to s e  and  m a l t o t r i o s e  t o  p ro d u c e  
s e p a r a t e  m o le c u le s  o f  g lu c o s e .  H ow ever th e  a b i l i t y  o f  a  y e a s t  s t r a i n  
t o  fe rm e n t t h e s e  tw o s a c c h a r id e s  a l s o  d ep en d s on th e  p r e s e n c e  o f  th e  
a p p r o p r i a t e  p e rm e ase  sy s tem  w h ich  a llo w s  t r a n s p o r t  o f  th e  m o le c u le s  
a c r o s s  th e  c e l l  membrane to  make them  a v a i l a b l e  to  t h e  a -D - g lu c o s id e  
g lu c o h y d r o la s e .  An a d d i t i o n a l  gene h a s  b een  d e m o n s tra te d  w h ich  d e te rm in e s  
t h e  p r o d u c t io n  o f  m a l t o t r i o s e  p e rm e ase  (O e s e r  and W in d isc h , 1 9 6 4 ) , I t  i s  
n o t  y e t  known w h e th e r  t h i s  gene (M 7 ) i s  i d e n t i c a l  w i th  one o f  th e  two 
g en es  r e p o r t e d  t o  b e  p r e s e n t  in  S a c c h . d i a s t a t i c u s  by  L in d e g re n  and 
L in d e g re n  (1 9 5 6 ) ,
T h is  p o ly m e r ic  sy s te m  o f  g en es  r e s p o n s i b l e  f o r  f e r m e n ta t io n  o f  th e s e  
two s u g a rs  means t h a t  t h e  w id e  r a n g e  o f  f e r m e n ta t io n  e f f i c i e n c i e s  o b ta in e d  
f o r  th e  m e ta b o lism  o f  m a l to s e  and m a l t o t r i o s e  c a n  b e  r e l a t e d  t o  t h e  gene  
d o sa g e  f o r  th e  p r o d u c t io n  o f  m a l ta s e ,  on c o n d i t io n  t h a t  th e  y e a s t  c e l l s  
h a v e  th e  n e c e s s a r y  e f f e c t i v e  p e rm ease  s y s te m s . T h e r e f o r e  t h e  m ore g en es  
a  y e a s t  h a s  w h ic h  d e te rm in e  t h e  p r o d u c t io n  o f  t h i s  enzym e, th e  f a s t e r  i t  
w i l l  fe rm e n t t h e  d i -  and t r i - s a c c h a r i d e s ,  f o r  t h e  in d u c e d  l e v e l  o f  a -D - 
g lu c o s id e  g lu c o h y d r o la s e  i n c r e a s e s  a r i t h m e t i c a l l y  w i th  in c r e a s e d  num bers 
o f  t h e s e  genes (H a lv e rs o n  e t  a l ,  1 9 6 3 ) , T h is  g e n e -d o s a g e  e f f e c t  can
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t h e r e f o r e  mean t h a t  a  f a s t - f e r m e n t i n g  h y b r id  s t r a i n  may b e  p ro d u c e d  
fro m  two l e s s  e f f i c i e n t  com ponent m a tin g  s t r a i n s  (F o w e l l ,  1 9 5 8 ) ,  I n  
a d d i t i o n  a  f u r t h e r  a l l e l e  h a s  b een  found  (MAL 4 ) w h ich  p e r m i ts  c o n s t i t ­
u t i v e  s y n th e s i s  o f  m a l ta s e  (Zimmermann, e t  a l ,  1 9 7 3 ) . In  t h e  p r e s e n c e  
o f  t h i s  g e n e , a  y e a s t  c a n  fe rm e n t s u c r o s e  in  th e  a b s e n c e  o f  g e n e s  
d e te r m in in g  t h e  p r o d u c t io n  o f  i n v e r t a s e ,  p - D - f r u c to f u r a n o s id e  f r u c t o l y a s e  
( 3 ,2 ,1 ,2 6 )  a l th o u g h  t h e  m echanism  w hereby  t h i s  o c c u r s  h a s  n o t  been  
e x p la in e d  (K han e t  a l ,  1 9 7 3 ) , I t  i s  s u g g e s te d  t h a t ,  i f  s u c r o s e  c a n  
p e n e t r a t e  th e  c e l l  m em brane, a  h ig h  l e v e l  o f  m a l ta s e  s h o u ld  b e  a b le  to  
h y d r o ly s e  i t ,  a l th o u g h  i t  m ust be  e m p h a s ise d  t h a t  th e  l in k a g e s  i n  t h e  two 
d i s a c c h a r i d e s  d i f f e r .  T h ese  w o rk e rs  (K han _et 1973) i d e n t i f i e d  in  
one  y e a s t  s to c k  a  r e c e s s i v e  gene w h ich  i n t e r f e r e d  w i th  s u c r o s e  fe rm e n ta ­
t i o n  in  t h e  s t r a i n  p ro b a b ly  by l i m i t i n g  th e  p e n e t r a t i o n  o f  s u c r o s e ,
A p o ly m e r ic  s y s te m , s i m i l a r  to  t h a t  r e s p o n s i b le  f o r  t h e  f e r m e n ta t io n  
o f  m a l to s e  i s  a l s o  in v o lv e d  in  d e te r m in in g  t h e  p r o d u c t io n  o f  t h e  c e l l  
w a ll-b o u n d  enzyme w hich  h y d r o ly s e s  th e  d i s a c c h a r i d e  s u c r o s e .  The enzym e, 
p - D - f r u c to f u r a n o s id e  f r u c t o l y a s e  ( 3 . 2 . 1 , 2 , 2 6 ,  o th e r w is e  known a s  i n v e r t a s e )  
i s  s p e c i f i e d  by up to  f i v e  g en es  ( O t to le n g h i ,  1971) and th e y  a l s o  a r e  
a d d i t i v e  in  e f f e c t .  The o t h e r  m ajo r s u g a r s  i n  w ort'i g lu c o s e  an d  f r u c ­
t o s e ,  a r e  t r a n s p o r t e d  i n t o  t h e  c e l l  by a  f a c i l i t a t e d  d i f f u s i o n  m echanism  
(K o ty k , 1961 ) and fe rm e n te d  by th e  n o rm al g l y c o l y t i c  p a th w a y , p y ru v a te  
fo rm ed  b e in g  c o n v e r te d  i n t o  a c e ta ld e h y d e ,  w h ich  i s  th e n  r e d u c e d  to  e th a n o l ,  
a s  a l r e a d y  m e n tio n e d ,
w A s h o r t  l a g  p h a s e  and good g ro w th  r a t e  a r e  a l s o  d e s i r a b l e  p r o p e r t i e s  
i n  a  b rew e ry  y e a s t  s t r a i n .  O v e r a l l  f e r m e n ta t io n  r a t e  i s  r e l a t e d  t o  t h e
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e x t e n t  o f  g ro w th  and  y i e l d  o f  a  y e a s t  (Brown and K i r s o p ,  1 9 7 2 ) . The 
g ro w th  r a t e  and d u r a t io n  o f  t h e  l a g  p h a s e  o f  a  s t r a i n ,  l i k e  t h e  fe rm en ­
t a t i o n  r a t e ,  a r e  c o n t r o l l e d  by th e  r a t e  o f  u p ta k e  o f  n u t r i e n t s ,  enzyme 
s y n th e s i s ^  and th e  e f f i c i e n c y  w i th  w h ich  t h e s e  n u t r i e n t s  c a n  b e  c o n v e r te d  
i n t o  new c e l l  m a t e r i a l  and e n e rg y . In  a  b re w e ry  f e r m e n ta t i o n ,  an  
i n c r e a s e  i n  c e l l  num bers o c c u r s  u n t i l  one  n u t r i e n t ,  p ro b a b ly  m o le c u la r  
o x y g e n , becom es l im i t in g *  T h e r e f o r e  maximum y e a s t  c o u n ts  a r e  r e a c h e d  
f a i r l y  e a r l y  in  t h e  b rew e ry  f e r m e n ta t io n  p e r i o d ,  and  n o rm a lly  w i t h i n  th e  
f i r s t  30 h o u r s .  Some m e n tio n  h a s  a l r e a d y  b een  made o f  t h e  t r i c a r b o x y l i c  
a c id  c y c le  w h ich  i s  th e  p a th w ay  f o r  th e  c a ta b o l i s m  o f  p y r u v a te  u n d e r  
a e r o b ic  c o n d i t i o n s .  T h is  c y c l e ,  a s  e x p la in e d  b e f o r e ,  y i e l d s  p r e c u r s o r s  
o f  th e  com ponen ts  n eed ed  f o r  new c e l l  m a t e r i a l ,  p r o t e i n s ,  n u c l e i c  a c id s  
and l i p i d s ,  a l th o u g h  some o f  t h e s e  com pounds o r  t h e i r  p r e c u r s o r s  c a n  be  
o b ta in e d  d i r e c t l y  from  th e  medium. W ort c o n ta in s  q u a n t i t i e s  o f  a l l  
t h e s e  m a t e r i a l s ,  and i s  p a r t i c u l a r l y  r i c h  i n  am ino a c id s ,  p e p t i d e s  and 
p r o t e i n s ,  w h ich  com bine to  a c c o u n t f o r  u p  t o  40 mg o f  a -a m in o  n i t r o g e n  
p e r  100 ml (M acW illiam , 1 9 6 8 ) , How ever n o t  a l l  o f  t h e s e  c a n  b e  tak@ i up 
o r  m e ta b o l is e d  by th e  y e a s t  c e l l s ,  f o r  e x a m p le , p r o l i n e ,  w h ich  c o m p r is e s  
up t o  33 p e r  c e n t  o f  th e  t o t a l  a m in o -a c id  c o n t e n t .  Up t o  s i x  p e r  c « i t  
o f  t h e  t o t a l  n i t r o g e n  in  w o r t  i s  p r e s e n t  a s  p u r in e s  and p y r im id in e s  
( L a u fe r  ^  1 9 5 1 ) , o f  w h ich  a  p r o p o r t io n  i s  unbound ( H a r r i s  and  P a r s o n s ,
1957) and t h e r e f o r e  r e a d i l y  a v a i l a b l e  t o  t h e  y e a s t s ,  l i k e  some o f  th e  
f a t t y  a c id s  and  l i p i d s  w h ich  t o t a l  f i v e  t o  s e v e n  mg p e r  100 m l.
P y r u v a te ,  w h ich  a s  h a s  b e e n  m e n tio n e d , i s  n e c e s s a r y  t o  p ro d u c e  a l l  
com pounds w h ic h  c a n n o t  be o b ta in e d  d i r e c t l y  from  t h e  medium, i s  p r e p a r e d  
from  t h e  m e ta b o l i s a b le  s u g a r s  w hich a r e  i n  ab u n d an ce  in  w o r t ,  and  i t s
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p r o d u c t io n  i s  t h e r e f o r e  c o n t r o l l e d  p a r t l y  by some o f  t h e  enzym es in v o lv e d  
in  a n a e ro b ic  g l y c o l y s i s  and a l s o  by th e  enzym es a - D -g lu c o s id e  g lu c o h y d ro -  
l a s e  and  p - D - f r u c to f u r a n o s id e  f r u c t o l y a s e .  Many y e a s t s  show m arked
i n h i b i t i o n  o f  r e s p i r a t o r y  c a p a b i l i t y  when a b u n d a n t g lu c o s e  i s  a v a i l a b l e  
i n  t h e  medium ( E p h r u s s i  e t  a l ,  1 9 5 6 ) , T h is  may be due t o  * c a t a b o l i t e  
r e p r e s s i o n * , t o  th e  b reakdow n o f  m i to c h o n d r ia l  s t r u c t u r e s  u n d e r  t h e s e  
c o n d i t i o n s ,  o r  a  c o m b in a tio n  o f  o th e r  f a c t o r s ,  b u t  w hich  o f  t h e s e  i s  r e s ­
p o n s ib le  i s  n o t  y e t  c l e a r .  The e x t e n t  t o  w h ich  th e  f e r m e n ta t i v e  pa thw ays 
from  p y ru v a te  t o  e th a n o l  a r e  u se d  can  be  a f f è c t e d  by th e  p r e s e n c e  o f  th e  
r e s p i r a t o r y  enzym es ( T u s ta n o f f  and B a r t l e y ,  1964) a n d /o r  r e p r e s s i o n  o f  
p y ru v a te  d e c a rb o x y la s e  (S u o m a la in e n  and O u ra , 1 9 5 9 ) , th e  enzyme r e s p o n s i b l e  
f o r  th e  breakdow n o f  p y r u v a te  i n to  a c e ta ld e h y d e .  F u r th e r  r e g u l a t i o n  o f  
m e ta b o lism  i s  b ro u g h t  a b o u t  by  a  d e c r e a s e  i n  t h e  r a t e  o f  g lu c o s e  u t i l i z ­
a t i o n  in  a e ro b ic  c o n d i t i o n s ,  com pared w ith  t h e  r a t e  u n d e r  a n a e r o b ic  
c o n d i t i o n s ,  known a s  t h e  P a s te u r  e f f e c t .  T h is  i s  b ro u g h t  a b o u t  by 
fe e d b a c k  i n h i b i t i o n  a t  v a r io u s  l e v e l s  i n  th e  m ain s e r i e s  o f  p a th w ay s o f  
g lu c o s e  d e g r a d a t io n ,  and c o n t r o l s  t h e  am ount o f  m a t e r i a l  d i v e r t e d  i n t o  
th e  m a n u fa c tu re  o f  c e l l  co m p o n e n ts .
In  b rew ery  f e r m e n t a t i o n s ,  a  b a la n c e  i s  r e q u i r e d  betw een  th e  a e r o b ic  
and  f e r m e n ta t iv e  p a th w ay s f o r , a l th o u g h  a  h ig h  y e a s t  c o n c e n t r a t io n  i s  
d e s i r a b l e ,  an  e x c e s s iv e  i n c r e a s e  i n  c e l l  m ass i s  n o t  r e q u i r e d ,  b e c a u s e  th e  
s u g a rs  a r e  th e n  b e in g  c h a n n e l le d  i n t o  th e  p r o d u c t io n  o f  new c e l l  m a t t e r ,  
i n s t e a d  o f  b e in g  c o n v e r te d  i n to  e t h a n o l .  I n  a d d i t i o n ,  y e a s t s  w h ich  grow 
to o  r a p i d l y  p ro d u c e  b y - p ro d u c ts  w hich  can  a f f e c t  f l a v o u r  (C o o te  _et a l , 
1 9 7 3 ) , L a rg e r  in o c u la  o r  h i g h e r  ‘ p i t c h i n g  r a t e s *  a r e  f r e q u e n t l y  u sed  in  
b re w e r ie s  w here th e  s t r a i n  h a s  a  p ro lo n g e d  l a g  p h a s e ,  b u t t h i s  s h o u ld  be
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u n n e c e s s a ry  w i th  a  more e f f i c i e n t  y e a s t*  I n  a d d i t i o n ,  an  i n i t i a l l y  
r a p i d  r a t e  o f  g row th  o f  t h e  y e a s t  p o p u la t io n  m in im iz es  t h e  r i s k  o f  
i n f e c t i o n  from  b a c t e r i a  o r  w i ld  y e a s t s  b e c a u s e  c o m p e t i t io n  f o r  n u t r i e n t s  
and r a p id  f a l l  i n  pH v a lu e  p r e v e n t  t h e  c o n ta m in a n ts  becom ing  e s ta b l i s h e d *
In  c e r t a i n  f e r m e n ta t io n  s y s te m s , p a r t i c u l a r l y  t h e  c o n t in u o u s  ty p e s  
(Hough and R u d in , 1959 ; M ukhopadhyay and G h o se , 1962) a  f a s t  g ro w th  r a t e  
and  h ig h  s p e c i f i c  g row th  r a t e  c o n s ta n t  a r e  v e r y  im p o r ta n t*  A c o n s ta n t  
p o p u la t io n  o f  c e l l s  m ust be m a in ta in e d  in  t h e  f e r m e n t in g  v e s s e l  o r  v e s s e l s ,  
and t h e r e f o r e  t h e  m ore r a p i d  th e  g ro w th  r a t e  o f  th e  s t r a i n ,  th e  f a s t e r  t h e  
w o r t  can  b e  in t r o d u c e d  i n t o  t h e  s y s te m , t h e r e b y  i n c r e a s i n g  t h e  d i l u t i o n  
r a t e ,  and th e  r a t e  o f  b e e r  p r o d u c t io n .
The t h i r d  p r o p e r ty  o f  y e a s t  c e l l s  w hich  a l s o  d e te r m in e s  t h e i r  s u i t a ­
b i l i t y  f o r  b e e r  p r o d u c t io n  i s  t h e i r  p h y s i c a l  b e h a v io u r  d u r in g  f e r m e n ta t i o n ,  
w h ich  m ust be  s u i t e d  t o  th e  h a r v e s t i n g  and f e r m e n ta t io n  m ethods i n  u s e .
As a l r e a d y  m e n tio n e d , h e a d -fo rm in g  y e a s t s  w hich  o f t e n  grow  in  c h a in s  o f  
c e l l s ,  a r e  s u i t e d  t o  th e  sk im m ing m ethods u se d  f o r  c o l l e c t i o n  o f  c ro p  in  
•B u rto n  Union* and •Y o rk s h ire  S to n e  Square*  v e s s e l s ,  A d e g re e  o f  s e d i ­
m e n ta tio n  o f  f l o e s  i s  u s u a l l y  a l s o  r e q u i r e d  in  t h e s e  y e a s t s ,  s o  t h a t  t h e  
f i n a l  b e e r  d o es  n o t  r e q u i r e  c e n t r i f u g a t i o n ,  b u t  c a n  b e  c l a r i f i e d  by t h e  
a d d i t i o n  o f  f l o c c u l a t i n g  a g e n ts ,  su c h  a s  ’ f in in g s ^ *  F lo c c u le n t  n o n ­
h e a d -fo rm in g  s t r a i n s  o f  y e a s t  a r e  recom m ended f o r  u s e  in  N a th a n  b a tc h  
f e r m e n te r s  (N a th a n , 19 0 8 , S h a rd lo w , 1 9 7 1 ) , and U n iv e r s a l  Tanks (K nudsen 
and V acano , 1972) w here  t h e  y e a s t  i s  ru n  o f f  from  t h e  b a s a l  c o n e , and 
a l s o  f o r  th e  c o n tin u o u s  sy s te m s  su ch  a s  c y l i n d r i c a l  f e r m e n te r s  ( P o r tn o ,  
1 9 6 9 ) , g r a d ie n t  tu b e s  ( P o r tn o ,  1968) o r  th e  c h e m o s ta t  v e s s e l s  w i th  an
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o v e r f lo w  t r a n s f e r  ( C o u t t s ,  1 9 6 1 , 1 9 6 6 ) , w here t h e  y e a s t  i s  c o l l e c t e d  a f t e r  
s e d im e n ta t i o n .  I n  b r e w e r ie s  w here  th e  b e e r  i s  c e n t r i f u g e d ,  a  n o n -  
f l o c c u l e n t  s t r a i n  o f  y e a s t  may b e  im p le m e n te d .
T he phenom enon o f  f lo c c u le n c e  i s  n o t  y e t  c o m p le te ly  e x p l i c a b l e .
The r e a c t i o n s  t h a t  l e a d  t o  f l o c c u l a t i o n  a p p e a r  t o  t a k e  p la c e  o n ly  a t  t h e  
s u r f a c e  o f  t h e  c e l l  w a l l ,  f o r  i s o l a t e d  c e l l  w a l l s  h a v e  been  shown to  
e x h i b i t  t h e  sam e f l o c c u l a t i n g  b e h a v io u r  a s  t h e  i n t a c t  c e l l s  (M a s s c h e le in ,  
1 9 5 7 , M a s s c h e le in  and D ev reu x , 1 9 5 7 ) , I t  h a s  p ro v e d  d i f f i c u l t  t o  a n a ly s e  
th e  e f f e c t  o f  e x t e r n a l  i n f lu e n c e s  on c e l l s  p r i o r  t o  f l o c c u l a t i o n  b e c a u s e  
o f  t h e  v a r i a b l e  c o m p o s i t io n  o f  w o r t ,  Koch (1 9 2 8 )  d e m o n s tra te d  t h a t  t h e  
pH o f  i n i t i a t i o n  o f  f lo c c u le n c e  f o r  a  y e a s t  s t r a i n  i s  n o t  c o n s t a n t .  Y e a s t  
c e l l s  c a n  f l o c c u l a t e  in  a  s y n t h e t i c  medium c o n t a i n i n g  o n ly  g lu c o s e  and an  
ammonium s a l t ,  sh o w in g  t h a t  th e  m ore com plex  c o n s t i t u e n t s  o f  w o r t  a r e  n o t  
a g e n ts  i n i t i a t i n g  f lo c c u le n c e  (E ddy , 1 9 5 5 a ) . C a lc iu m  io n s  h a v e  b een  
o b s e rv e d  to  e n h a n ce  f l o c c u l a t i o n ,  e s p e c i a l l y  a t  pH v a lu e s  be tw een  t h r e e  and 
f o u r  ( M i l l ,  1 9 6 4 ) . O th e r  i o n s ,  a c id s  and e th a n o l  can  i n f l u e n c e  th e  f l o c ­
c u l a t i n g  p r o p e r t i e s  o f  d i f f e r e n t  y e a s t  s t r a i n s  (E d d y , 1 9 5 5 b ) , I n  a d d i t io n  
i t  h a s  b een  o b s e rv e d  t h a t  f a c t o r s  w h ic h  s t i m u la t e  y e a s t  g ro w tli, s u c h  a s  
suGfars (E ddy , 1955b ; N ie l s o n ,  1 9 3 7 ) , w i l l  i n h i b i t  f l o c c u l a t i o n ,  and  t h a t  
f l o c c u l e n t  y e a s t s  w i l l  n o t  a g g l u t i n a t e  u n t i l  th e y  r e a c h  t h e  s t a t i o n a r y  
p h a s e  o f  g row th  (M a s s c h e le in  and  J e u n e homme-Ramos, 1 9 5 9 ) . T h e se  w o rk e rs  
l a t e r  a l s o  showed (M a s s c h e le in  _et 1963) t h a t  t h e  mannan c o n te n t  o f  th e  
y e a s t  c e l l s  r o s e  t o  a  maximum and f e l l  a g a in  d u r in g  th e  f e r m e n ta t io n  
p e r io d  and s u g g e s te d  t h a t  t h i s  compound m asked t h e  a g e n t  w h ich  c a u s e d  
f l o c c u l a t i o n .  R e c e n t w ork (D e u tc h  and P a r r y ,  1974) h a s  shown t h a t  y e a s t s
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from  s t a t l o n a r y - p h a s e  c u l t u r e s  a r e  m ore r e s i s t a n t  to  t h e  a c t i o n  o f  
g lu c a n a s e  th a n  lo g -p h a s e  c e l l s .  T h is  s u g g e s te d  t h a t ,  i n  p r o g r e s s in g  
from  th e  lo g a r i th m ic  t o  t h e  s t a t i o n a r y  p h a se  o f  g rc w th , c h a n g e s  o c c u r  i n  
th e  w a l l  c o m p o s i t io n , D eu tch  and P a r ry  (1 9 7 4 ) o b ta in e d  e v id e n c e  in  
f a v o u r  o f  t h i s  v ie w , f o r  i f  y e a s t  c u l t u r e s  w ere  t r e a t e d  w ith  c y c lo h e x ira id e  
o r  5 - f l u o r o u r a c i l  in  t h e  l o g  p h a se  o f  g ro w th , th e y  c o u ld  r e a d i l y  be  c o n ­
v e r t e d  i n to  s p h a e r o p l a s t s  in  th e  s t a t i o n a r y  p h a s e .  T h is  d e m o n s t r a te s  
t h a t  c e l l - w a l l  s t r u c t u r e  ’h a rd e n s * , t h a t  i s ,  becom es m ore r e s i s t a n t  t o  
e n z y m a tic  a t t a c k  a s  th e  c e l l s  a g e .
The e f f e c t  o f  w o rt p r o t e i n s  on y e a s t  f l o c c u l a t i o n  (R an k en , 192 7 , 1928 ; 
I t o ,  1967a) i n i t i a t e d  i n t e r e s t  in  t h e  c o l l o i d a l  a s p e c t s  o f  t h i s  phenom enon, 
A num ber o f  w o rk e rs  h av e  a t te m p te d  to  i n v e s t i g a t e  t h e  b e h a v io u r  o f  com­
pounds in  th e  c e l l  w a l l  o f  y e a s t ,  u s i n g  v i s c o s i t y  e x p e r im e n ts  a t  d i f f e r e n t
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pH v a lu e s  (L u e rs  and H e u sz , 1921) o r  by m i c r o - e l e c t r o p h o r e s i s  (G e y s , 1922 ; 
S i l b e r e i s e n ,  1938; H en n ig  and Ay, 1 9 3 8 ) , b u t  n o n e  o f  t h e s e  e x p e r im e n ts  
p ro d u ce d  c o n c lu s iv e  r e s u l t s  r e l a t i n g  c h a n g e s  in  c h a rg e  t o  t h e  o n s e t  o f  
f l o c c u l a t i o n ,  W inslow  and  F le e s o n  (1 9 2 6 ) d e m o n s tra te d  t h a t ,  i n  w a te r ,  
y e a s t  c e l l s  h av e  a  n e g a t iv e  c h a rg e ,  b u t  c o u ld  n o t  n e u t r a l i s e  t h i s  c h a rg e  
in  t h e i r  e x p e r im e n ts .  H ow ever M o ldaw skaja  (1 9 3 3 ) show ed in  c a th a p h o r -  
e t i c  e x p e r im e n ts  t h a t  r e v e r s a l  o f  c h a rg e  c o u ld  b e  e f f e c t e d  w ith  ammonium 
c h l o r i d e  s o l u t i o n .  O th e r  e x p e r im e n ts  h in g e d  on th e  s u g g e s t io n  t h a t  y e a s t  
c e l l s  may s e c r e t e  a  g u m -lik e  s u b s ta n c e  w h ich  c o u ld  c a u s e  c e l l s  t o  a g g re g a te  
and f l o c c u l a t e  (S to c k h a u s e n  and S i l b e r e i s e n ,  1933 , 1 9 3 5 ) , b u t  t h i s  t h e o r y  
was n o t  p ro v e d .
More r e c e n t  e x p e r im e n ts  h av e  shown t h a t ,  e a r l y  in  f e r m e n ta t i o n ,  y e a s t  
c e l l s  hav e  a  h ig h  n e g a t iv e  c h a rg e  d e n s i t y  w hich  a l t e r s  d u r in g  w o r t  fe rm en ­
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t a t i o n  ( J a n s e n  and  M e n d lik , 1 9 5 1 ) .  I n  a d d i t i o n  t h e  e l e c t r o p h o r e t i c  
m o b i l i t y  o f  c e l l s  h a s  b e e n  shown t o  d e c r e a s e  d u r in g  th e  f e r m e n ta t io n  
p e r i o d  (Eddy and  R u d in , 1 9 5 8 ) . A r e l a t i o n s h i p  h a s  s in c e  b e e n  d e m o n s tra te d  
b e tw e e n  th e  n e g a t i v e  c h a rg e  d e n s i t y  on  th e  s u r f a c e  o f  a  y e a s t  c e l l  and  th e  
p h o s p h a te  g ro u p in g s  on t h e  c e l l  w a l l  ( I t o ,  1 9 6 7 b ) , Some p h o s p h a te -  
c o n t a i n i n g  com pounds a r e  r e l a t e d  t o  e n e rg y  m e ta b o lism  and  t h e i r  am ounts 
d y n a m ic a l ly  ch an g e  a s  t h e  c e l l s  a g e , and a s  t h e i r  e n riv o n m en t a l t e r s .
L yons and Hough (1 9 7 1 )  h av e  a l s o  shown t h a t  t h e  c a p a c i t y  o f  c e l l s  to  f l o c ­
c u l a t e  by c r o s s - b r i d g i n g  i s  p r o p o r t i o n a l  t o  t h e  num ber o f  p h o s p h a te  g ro u p s  
p r e s e n t  i n  t h e  o u t e r  l a y e r  o f  th e  m a n n a n -p ro te in .  They s u g g e s t  t h a t  t h e  
l e v e l  o f  p h o s p h a te  i s  s u f f i c i e n t  o n ly  in  f l o c c u l e n t  c e l l s  f o r  b in d in g  to  
o c c u r  be tw een  a d j a c e n t  c e l l s  i n  t h e  p r e s e n c e  o f  d i v a l e n t  c a t i o n s .  I n  
a d d i t i o n  h e l i c a s e ,  a  m ix tu re  o f  enzym es d e r iv e d  from  th e  g u t o f  t h e  Roman 
s n a i l .  H e l ix  p o m a t ia , h a s  b e e n  u s e d  t o  in d u c e  f l o c c u l a t i o n  i n  s t a t i o n a r y  
p h a s e  c u l t u r e s  o f  f l o c c u l e n t  s t r a i n s  o f  S acch aro m y ces  c e r e v i s i a e , b u t  n o t  
i n  pow dery  s t r a i n s  ( G e i l e n k o t t e n  and  N yns, 1 9 7 0 ) ,  T h e se  w o rk e rs  s u g g e s te d  
t h a t  a  c e l l - w a l l  enzyme m ig h t b e  in v o lv e d  i n  t h e  i n i t i a t i o n  o f  y e a s t  f l o c ­
c u l e n c e .
The phenom enon o f  f lo c c u le n c e  i s  t h e r e f o r e  s t i l l  p o o r ly  u n d e r s to o d ,  
and m ethods o f  m e a s u r in g  i t  a r e  n u m ero u s . M ost o f  t h e s e  m ethods d ep en d  
on th e  s e d im e n t in g  b e h a v io u r  o f  f l o e s  o f  y e a s t  ( B u m s ,  1937 ; Helm  e t  a l ,  
19 5 3 ; N ie l s o n ,  1937 ; J a n s e n  and M e n d lik , 1951 ; C h e s t e r ,  1963) b u t  o t h e r s  
u t i l i s e  d e f l o c c u l a t i n g  a g e n ts  (E d d y , 1955b) o r  m ic ro s c o p ic  e x a m in a t io n  
o f  f l o e s  ( G i l l i l a n d ,  1 9 5 7 ) .
The f o u r t h  im p o r ta n t  c o n s id e r a t i o n  when c h o o s in g  a  s u i t a b l e  b rew ers*  
y e a s t  i s  t h e  f l a v o u r  o f  t h e  b e e r  t h a t  t h e  s t r a i n  p ro d u c e s  when i t  h a s
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fe rm e n te d  b rew ers*  w o r t .  T h e  y e a s t  c e l l s  m ust b e  a b le  t o  fo rm  d u r in g  
f e r m e n ta t io n  a  b a la n c e d  l e v e l  o f  m in o r p r o d u c t s ,  b y - p ro d u c ts  o f  m e ta b o lis m , 
s u c h  a s  a c i d s ,  k e to n e s ,  h ig h e r  a lc o h o l s  and  e s t e r s ,  w h ich  i n  a d d i t i o n  t o  
c e r t a i n  com ponents o f  hop  a c i d s ,  e t h a n o l ,  u n fe rm e n te d  s u g a r s  a n d  n i t r o ­
genous compounds h e lp  t o  make a  p a l a t a b l e  b e e r .  T h e se  com pounds a r i s e  
from  c a r b o h y d r a te ,  l i p i d  and n i t r o g e n  m e ta b o lism  and a r e  r e p o r t e d  to  
c o n f e r  v a r io u s  f l a v o u r  c h a r a c t e r i s t i c s .  F o r  e x am p le , among th e  a ro m a tic  
•h ig h e r*  a lc o h o l s ,  p h e n y l e t h y l  a lc o h o l  c a n  p ro d u c e  a  perfum ed  a ro m a, 
t r y p to p h o l  and t y r o s o l  a  b i t t e r  f l a v o u r ,  and t h e  a l i p h a t i c  f u s e l  a l c o h o l s ,  
am yl a lc o h o l s ,  * f r u i t y *  arom as ( V o e r k e l iu s ,  1 9 6 6 ) , The f o rm a tio n  o f
f u s e l  a lc o h o ls  i s  c l o s e l y  l in k e d  t o  n i t r o g e n  m e ta b o lis m , h ig h  c o n e e n t r a ­
i l  I I  I I I !
t i o n s  b e in g  p ro d u c e d  u n d e r  c o n d i t io n s  o f  n i t r o g e n  l i m i t a t i o n  (A y ra p a a , 
1 9 7 3 ) , w h e reas  th e  fo rm a tio n  o f  e s t e r s  i s  c o n n e c te d  w ith  l i p i d  m e ta b o lis m , 
A h ig h  c o n te n t  o f  e s t e r s  i s  a l s o  u n d e s i r a b l e ,  f o r  i t  g iv e s  b e e r  a  h a r s h  
f l a v o u r ,  and a c e ta ld e h y d e  and d i a c e t y l  c a n  g iv e  u n p le a s a n t  c h a r a c t e r i s t i c s  
t o  th e  p r o d u c t .  I n  a d d i t i o n ,  s u lp h u r  com pounds, s u c h  a s  t h i o l s ,  m e rc a p -  
t a n s  and d im e th y l  s u lp h id e  ev en  a t  low  c o n c e n t r a t io n s  can  a f f e c t  b e e r  
f l a v o u r .
T h e re  i s  e v id e n c e  t h a t  t h e  p r o d u c t io n  o f  t h e s e  com pounds c a n  be  i n ­
f lu e n c e d  by g row th  r a t e  (C o o te  e t  a l , 1 9 7 3 ) , c o n c e n t r a t io n s  o f  d i s s o lv e d  
oxygen in  th e  w o r t  ( C o u t t s ,  1966 ; P o r tn o ,  1 9 6 8 ) , f l o c c u l a t i n g  b e h a v io u r  o f  
y e a s t s  (T h o rn , 1 9 7 1 ) , o r  by t h e  p r o p o r t io n s  o f  s u g a r s  an d  low m o le c u la r -  
w e ig ^ t n i t r o g e n o u s  m a t e r i a l s  in  th e  w o r t  ( V o e r k e l iu s ,  1966 ; E n g an , 1970) 
o r  f e r m e n ta t io n  te m p e ra tu re  (Kamiyama and  Nakagawa, 1 9 6 6 ) ,  I t  i s  c o n ­
c e iv a b le  t h a t  i n  t h e  f u t u r e  b r e w e r ie s  w i l l  b e  a b le  t o  c o n t r o l  b e e r  f l a v o u r  
by m a in te n a n c e  o f  s u i t a b l e  c o n d i t i o n s .
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F i f t h l y ,  t h e  y e a s t  s t r a i n  m ust re m a in  g e n e t i c a l l y  s t a b l e ,  p a r t i c u l a r l y  
w h ere  i t  i s  h a r v e s te d  f o r  r e - i n o c u l a t i o n  o f  a  s u b s e q u e n t  f e r m e n ta t i o n .
In  c o n t in u o u s  f e r m e n ta t i o n s ,  an *u n s ta b le *  s t r a i n  w i l l  b e  c o n s t a n t l y  
throw ing" o f f  m u ta n t ty p e s  w h ich  may t a k e  o v e r  th e  f e r m e n ta t i o n ,  w here  
c o n d i t io n s  o r  h a r v e s t i n g  m ethods f a v o u r  t h e i r  s u r v i v a l .  Many ty p e s  o f  
m u ta t io n  a r i s e  s p o n ta n e o u s ly  in  a  y e a s t  p o p u la t io n .  Y e a s t * d e g e n e ra tio n *  
o r  ‘ w eakening* has  been  n o t i c e d  in  b r e w e r ie s  f o r  many y e a r s  (D e v re u x ,
1 9 6 2 ) ,  In c o m p le te  a t t e n u a t i o n  o f  w o r t ,  t h a t  i s ,  an i n s u f f i c i e n t  d ro p  in  
s p e c i f i c  g r a v i t y  may r e s u l t ,  p r o d u c in g  w hat a r e  known a s  'h a n g in g  fe rm en ­
t a t i o n s * .  T h is  may be c a u se d  by t h e  n a t u r a l  s e l e c t i o n  by h a r v e s t i n g  o r  
o u tg ro w th  o f  m u tan t s t r a i n s  w h ich  a r e  e i t h e r  m ore f l o c c u l e n t  o r  w h ich  have  
d e c re a s e d  a t t e n u a t i v e  e f f i c i e n c y  due  to  d e c re a s e d  a c t i v i t y  o f  t r a n s p o r t  
p r o t e i n s  a n d /o r  enzym es in v o lv e d  in  g l y c o l y s i s  o f  th e  w o rt s a c c h a r id e s .  
A l t e r n a t i v e l y ,  t h e s e  p o o r ly  a t t e n u a t e d  f e r m e n ta t io n s  may o c c u r  b e c a u s e  
t h e  w o r t  i s  d e f i c i e n t  in  e s s e n t i a l  y e a s t  n u t r i e n t s ,  su ch  a s  v i t a m i n s .  
M u ta tio n  to  a  l e s s  f l o c c u l e n t  s t r a i n  i s  common, p a r t i c u l a r l y  in  c o n tin u o u s  
f e r m e n ta t io n  s y s te m s  (T h o rn e , 1962; T h o rn e  and N p h r, 1 9 6 3 ) , in  f a c t  th e  
f r e q u e n c y  o f  m u ta t io n  o f  th e  genes  f o r  f lo c c u le n c e  h a s  been  r e p o r t e d  t o  
be a s  h ig h  a s  5 .3  p e r  c e n t  in  c u l t u r e s  d e r iv e d  from  s p o re s  (T h o rn e , 1 9 5 2 ) . 
D u r in g  v e g e t a t i v e  g ro w th , th e  m u ta b i l i t y  o f  s i n g l e  f lo c c u le n c e  g e n e s  h as  
b e e n  e s t im a te d  a t  one in  e v e ry  5 ,0 0 0  p e r  g e n e r a t io n  t im e  (T h o rn e , 1 9 5 2 ) , 
O b v io u s ly ,  in  a  y e a s t  w h ich  h a s ,  s a y ,  t h r e e  p a i r s  o f  ‘ dom inant* g e n e s  f o r
f l o c c u le n c e ,  t h e  m u ta t io n  to  a  n o n - f l o c c u l c n t  s t r a i n  w i l l  be f a r  l e s s
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l i k e l y ,  t h a t  i s ,  o n e  c e l l  p e r  15 x  10 p e r  g e n e r a t i o n  t im e .  S u c h '
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n o n - f l o c c u l e n t  s t r a i n s  w ould  p ro b a b ly  hav e  a  f a s t e r  g row th  r a t e  th a n  th e  
p a r e n t  t y p e ,  and c o u ld  ta k e  o v e r ,  c a u s in g  p ro b lem s in  b e e r  c l a r i f i c a t i o n .
In  l a g e r  f e r m e n ta t i o n s ,  m u ta tio n  to  ‘p e t i t e s * , r e s p i r a t o r y - d e f i c i e n t  
s t r a i n s  ( B u ld e r ,  1963) o c c u rs  r e l a t i v e l y  f r e q u e n t l y .  T h e se  m u ta n ts ,  
w h ich  a r e  v e ry  f l o c c u l e n t  how ever, r a r e l y  c a u s e  p ro b lem s b e c a u s e  o f  t h e i r  
slow  g ro w th  r a t e s ,  u n l e s s  th e y  a r e  p r e f e r e n t i a l l y  s e l e c t e d  by h a r v e s t i n g  
th e  e a r l i e s t - f o r m e d  b o tto m  c r o p .
A n o th e r im p o r ta n t  c h a r a c t e r i s t i c  o f  a  y e a s t  i s  i t s  a b i l i t y  t o  p ro d u c e , 
in  a  b re w e ry  f e r m e n ta t i o n ,  a  s u f f i c i e n t l y  l a r g e  c ro p  w h ich  c a n  b e  r e a d i l y  
h a r v e s te d  f o r  i n o c u l a t i o n  i n to  s u b s e q u e n t  f e r m e n t a t i o n s .  T h is  d ep en d s on 
th e  o v e r a l l  g ro w th  r a t e  and  f e r m e n ta t io n  e f f i c i e n c y  o f  th e  y e a s t ,  and i t s  
f l o c c u l a t i o n  b e h a v io u r .  In  a d d i t i o n ,  y e a s t  s t r a i n s  v a ry  in  t h e i r  a b i l i t y  
to  rem ove h o p - b i t t e r i n g  s u b s ta n c e s  (M e ilg a a rd  e t  a l , 1 9 5 5 ) , from  t h e  f e r ­
m e n tin g  w o r t ,  and i t  i s  e c o n o m ic a l ly  d e s i r a b l e  t o  c h o o se  a  s t r a i n  w h ich
rem oves a s  l i t t l e  a s  p o s s i b l e .
A l l  o f  t h e s e  c h a r a c t e r i s t i c s  o f  b re w in g  y e a s t s  a r e  g o v e rn e d  by th e
g e n e t ic  m ake-up o f  th e  y e a s t  a s  w e l l  a s  e n v iro n m e n ta l  c o n d i t i o n s .  Mut­
a t i o n s  in  t h e  b a s e  se q u e n c e  o f  th e  d e o x y r ib o n u c le ic  a c id  in  th e  c e l l  w i l l  
ch an g e  th e  b e h a v io u r  o f  a  y e a s t  s t r a i n .  Such a l t e r a t i o n s  a r e  a l r e a d y  
known to  b e  p o s s i b l e  u s in g  m u ta g e n ic  a g e n ts  s u c h  a s  r a d i a t i o n ,  c h e m ic a ls  
l i k e  e th y l  m e th y l s u lp h o n a te  and b r o m o - u r a c i l ,  o r  d y e s .  R e p o r ts  o f  
t r a n s f o r m a t io n  (O p p e n o o rth , 1959) o f  ONA betw een  y e a s t  c e l l s ,  and zymo- 
p h ag e  (L h a o s , 1972) and k i l l e r  f a c t o r s  (Woods and B evan , 1968; B u s s e y ,
1972) s u g g e s t  t h a t ,  i n  th e  f u t u r e ,  i t  may be p o s s i b l e  to  i n t r o d u c e  DNA
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^ n to  s t r a i n s  by m echanism s u s e d  commonly in  ‘ g e n e t i c  e n g in e e r i n g ‘ o f  
b a c t e r i a l  c e l l s .  I t  h a s  a l s o  been  s u g g e s te d  t h a t  o t h e r  ty p e s  o f  e p i s -  
om al DNA a r e  p r e s e n t  in  y e a s t  c e l l s ,  and t h a t  f lo c c u le n c e  genes  h a v e  
a  h ig h  r a t e  o f  m u ta tio n  (T h o rn e , 1952) b e c a u s e  th e y  a r e  e x t r a n u c l e a r .  
M i t o t i c  r e c o m b in a t io n ,  a  f u r t h e r  means o f  a l t e r i n g  t h e  b a s e  se q u e n c e  in  
t h e  n u c l e i c  a c i d s ,  h a s  a l s o  b een  d e m o n s tra te d  t o  o c c u r  s p o n ta n e o u s ly  i n  
s t r a i n s  o f  S a c c h . c e r e v i s i a e , and  c a n  be  in d u c e d  (Z im m erm am et a l ,  1966) 
u s in g  n i t r o u s  a c id ,  d i e t h y l  s u lp h a t e  and c e r t a i n  n i t r o s a m id e s , F i n a l l y ,  
a l t e r n a t i o n  o f  g e n e r a t i o n s ,  t h a t  i s ,  o f  h a p lo id  and d i p l o i d  p h a s e s ,  w hich 
c a n  o c c u r  u n d e r  c e r t a i n  c o n d i t io n s  a l lo w s  th e  c o n ju g a t io n  o f  g e n e t i c  
m a t e r i a l  from  d i f f e r e n t  s t r a i n s  o f  S acch aro m y ces to  b e  c o n t r i v e d .  Such 
a  t e c h n iq u e ,  known a s  ‘h y b r i d i s a t i o n * , c a n  be u s e d  t o  i n t r o d u c e  new 
c h a r a c t e r i s t i c s  i n t o  e x i s t i n g  s t r a i n s  o f  y e a s t .
C o n s id e r in g  th e s e  a l t e r n a t i v e s ,  o n ly  one m ethod , nam ely  h y b r i d i s a t i o n  
seem s to  be s u i t a b l e  f o r  p r o d u c in g  y e a s t s  w i th  im proved  f e r m e n ta t io n  
e f f i c i e n c y .  A lth o u g h  m u ta g e n e s is  h as  p ro v e d  u s e f u l  i n d u s t r i a l l y  f o r  
i n c r e a s i n g  y i e l d s  o f  b y - p ro d u c ts  o f  m e ta b o lism  su c h  a s  p e n i c i l l i n  ( G a t t a n i ,  
1 9 5 2 ) , i t  i s  d o u b t f u l  w h e th e r  o v e r a l l  m e ta b o lism  c o u ld  b e  im proved  in  t l i i s  
w ay. T ra n s f o r m a tio n  o f  DNA, common b e tw een  r e l a t e d  s t r a i n s  o f  b a c t e r i a ,  
h a s  o n ly  been  r e p o r t e d  t o  o c c u r  in  y e a s t s  by one w o rk e r , (O p p e n o o rth ,
1 9 5 9 , 1 9 6 1 ) , who *fed* a  y e a s t  s t r a i n  w i th  DNA e x t r a c t e d  from  a n o th e r .  
H ow ever, r e p o r t s  on th e  u s e  o f  t h i s  te c h n iq u e  f o r  th e  p r o d u c t io n  o f  new 
y e a s t  s t r a i n s  h av e  n o t  y e t  a p p e a re d , ' T h is  w ou ld  i n d i c a t e  t h a t  i t  i s  
e i t h e r  a  v e ry  com plex  m eth o d , o r  t h a t  t h e r e  h a s  b e e n  no  s u c c e s s .  In  
a d d i t i o n ,  i t  w ould b e  im p o s s ib le  t o  a s c e r t a i n  w h e th e r  t r a n s f e r  o f  DNA
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had  o c c u r r e d  b e tw een  i n d u s t r i a l  s t r a i n s  o f  b re w in g  y e a s t s ,  f o r  t h e s e  
s t r a i n s  h av e  no  e a s i l y - m o n i to r e d  g e n e t i c  m a r k e rs .  E p iso m a l n u c l e i c  
a c id s  hav e  o n ly  r e c e n t l y  b een  d i s c o v e r e d  (L in d e g re n  and B ang , 1 9 6 1 ; L h a o s , 
1972 ; Woods and  B evan , 1968) and  t h e r e  h av e  b e e n  no r e p o r t s  o f  a t t e m p ts  
to  u s e  su ch  f a c t o r s  f o r  ‘ t r a n s d u c t io n *  o f  g e n e t i c  m a t e r i a l .  H y b r id i s a t i o n  
i s  a  p ro v en  t e c h n iq u e ,  u s e d  to  p r e p a r e  new s t r a i n s  o f  b a k e rs*  y e a s t  
(B urrow s and F o w e l l ,  1 9 6 ia ,  1961b , 1969) d i s t i l l e r s *  and b r e w e r^  y e a s t s  
( G i l l i l a n d ,  1951) and s t r a i n s  w hich  p ro d u c e  in c r e a s e d  a lc o h o l  y i e l d s  
from  m o la s se s  (K o s ik o v , 1 9 6 3 ) .
H y b r id i s a t i o n  o f  y e a s t s  d e p en d s  on th e  a l t e r n a t i o n  o f  g e n e r a t io n s  in  
y e a s t  s p e c i e s ,  t h e  p re s e n c e  o f  w h ich  was e s t a b l i s h e d  by  W inge ( 1 9 3 5 ) ,
S ix  o r  more ty p e s  o f  l i f e  c y c le  h a v e  been  d e s c r ib e d  in  y e a s t - l i k e  fu n g i  
w ith  d i f f e r i n g  l e n g t h s  o f  h a p lo -  and  d ip lo p h a s e s  ( P h a f f  and M rak , 1948; 
R a p e r , 1 9 5 4 ) , T he l i f e  c y c le  o f  y e a s t s  o f  th e  s p e c i e s  S a c c h ,' c e r e v i s i a e  
and S a c c h . c a r I s b e r g e n s i s  i s  p re d o m in a n tly  d i p l o i d ,  w i th  o n ly  a  s h o r t  
h a p lo p h a s e ,  c o n s i s t i n g  o f  t h e  s p o re s  o r  h a p lo id  c u l t u r e s  p r i o r  t o  m a tin g . 
T y p ic a l ly  th e  d i p l o i d  v e g e t a t i v e  c e l l s  d e v e lo p  i n t o  a s c i  c o n t a i n i n g  up to  
f o u r  s p o r e s ,  o r i g i n a l l y  th o u g h t t o  b e  fo rm ed  by a  m e io t i c  d i v i s i o n  f o l ­
low ed  by a  m i t o t i c  d i v i s i o n .  A lth o u g h  c y t o l o g i c a l  e v id e n c e  f o r  t h e s e  
d i v i s i o n s  h a s ,  u n t i l  r e c e n t l y ,  p ro v e d  d i f f i c u l t  to  o b t a i n  w ith  t h e  e l e c t r o n  
m ic ro sc o p e  (H a sh im o to , 1960) d e n se  b o d ie s  s t a i n i n g  w i th  n u c le o -
p r o t e i n  d y es  h av e  b e e n  d e m o n s tra te d  i n  some S acch aro m y ces  s p e c i e s  (M cC lary  
_ e t ^ ,  1957a and  b ) , H ow ever m ore r e c e n t  w o rk , u s in g  e l e c t r o n  m ic ro sc o p y  
(M oens, 1971; Moens and R a p p o r t ,  1971) h a s  shown t h a t  th e  d i v i s i o n s
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in v o lv e d  a r e  b o th  m e io t i c ,  and  t h a t  a  f o u r - lo b e d  n u c le u s  i s  p ro d u ce d  
p r i o r  t o  th e  f o rm a tio n  o f  s e p a r a t e  s p o re  b o d i e s .
D e m o n s tra tio n  o f  s e p a r a t e  chrom osom es h a s  a l s o  p ro v ed  d i f f i c u l t  in  
y e a s t s ,  u s in g  s t a i n i n g  o r  m ic ro s c o p ic  t e c h n iq u e s ,  b u t  e ig h te e n  d o u b le  
s e t s  o f  chrom osom es hav e  been  shown d u r in g  a  p o s s i b l e  m e tap h ase  in  one  
s t r a i n  o f  S a c c h , c e r e v i s i a e  (T am ak i, 1 9 6 5 ) , G e n e t ic  a n a ly s i s  h a s  r e ­
v e a le d  t h a t  a n o th e r  s t r a i n  o f  a  S accharom yces s p e c i e s  h a s  a t  l e a s t  
f o u r t e e n  l in k a g e  g ro u p s  (M o rtim er and  H aw th o rn e , 1966 , 1973) and ev en  more 
g ro u p in g s  have  b een  d e m o n s tra te d  i n  one s t r a i n  o f  S a c c h , c e r e v i s i a e  
(H aw thorne  and M o rtim e r , 1 9 6 8 ) , Of t h e  g en es  in v o lv e d  in  t h e  f e r m e n ta t io n  
o f  b rew ers*  m a lt  w o r t  o n ly  a  few  hav e  been  m apped, n a m e ly , t h r e e  o f  th e  
g e n e s  r e s p o n s ib le  f o r  t h e  p r o d u c t io n  o f  a - D - g lu c o s id e  g lu c o h y d r o la s e ,
MA 1 , MA 2 and MA 4 , and two d e te r m in in g  th e  p r o d u c t io n  o f  p - D - f r u c to -  
f u r a n o s id e  f r u c t o l y a s e ,  SU 1 and SU 2 (M o rtim er and H aw th o rn e , 1 9 6 6 ) ,
T h e se  a r e  some o f  t h e  genes w h ich  d e te rm in e  w h e th e r  o r  n o t  a  s t r a i n  c a n  
fe rm e n t  m a lto s e  and  s u c r o s e .  The m a jo r i ty  o f  th e  g e n e s  t h a t  h a v e  been  
mapped in  t h i s  s t r a i n  o f  S acch aro m y ces c e r e v i s i a e  a r e  r e q u i r e m e n ts  f o r  
p a r t i c u l a r  am ino a c id s  o r  r e s i s t a n c e  t o  a n t i b i o t i c s ,  and t h e r e f o r e  d i f f i ­
c u l t  t o  c o r r e l a t e  w i th  b re w e ry  f e r m e n ta t io n  e f f i c i e n c y .  The ‘ f lo c c u le n c e *  
g e n e s  have  n o t ,  a s  y e t ,  b een  m apped.
Y e a s ts  o f  t h e  g e n e ra  S a c c h a ro m y c e s , S a c c h a ro m y c o d e s , H a n s e n u la ,
P i c h i a , Endom ycopsis and H a n s e n ia s p o ra  g e n e r a l l y  p ro d u c e  a  maximum o f  f o u r  
s p o r e s  i n  an a s c u s .  O th e r  y e a s t s ,  su c h  a s  s t r a i n s  o f  N em ato sp o ra  and 
C o c c id ia s c u s  and a l s o  S c h iz o sa c c h a ro m y c e s  o c to s p o r u s , s p o r u l a t e  t o  g iv e  
a s c i  c o n ta in in g  up  t o  e i g h t  s p o r e s .  More th a n  e i g h t  s p o re s  may be  p ro ­
duced  by s t r a i n s  o f  S accharom yces (W inge and R o b e r ts ,  1950 ; L in d e g re n
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and L in d e g re n , 1953 ; S a n ta  M a ria , 1 9 5 7 ) , L ipom yces s p e c i e s  (L o d d e r and 
K re g e r  van  R i j ,  1952) and S c h iz o sa c c h a ro m y c e s  pombe (G u tz , 1 9 6 7 ) , N ot 
a l l  a s c i  from  one y e a s t  s t r a i n  c o n ta in  t h e  sam e num ber o f  s p o r e s ,  b e c a u s e  
one  o r  more o f  th e  d a u g h te r  n u c le i  r e s u l t i n g  from  th e  m e io t ic  d i v i s i o n s  
may f a i l  t o  be  i n c o r p o r a t e d  i n t o  a  s p o re  (N a g e l,  1946 ; P o n t e f r a c t  and 
M i l l e r ,  1 9 6 2 ) , B rew in g  y e a s t s ,  s t r a i n s  o f  S a c c h , c e r e v i s i a e  and S a c c h , 
c a r l s b e r g e n s l s  r a r e l y  p ro d u c e  f o u r - s p o r e d  a s c i  ( F o w e l l ,  1 9 6 9 ) , tw o -  and  
t h r e e - s p o r e d  a s c i  b e in g  n o rm al f o r  t h e  f o rm e r ,  and o n e -  and tw o -sp o re d  
o n es  f o r  s t r a i n s  o f  t h e  l a t t e r  s p e c i e s .  In d e e d  some y e a s t  s t r a i n s  h av e  
e n t i r e l y  l o s t  th e  a b i l i t y  to  s p o r u l a t e ,  p ro b a b ly  b e c a u s e  o f  ab n o rm al p lo id y  
o r  h o m o th a ll ism  (W inge and R o b e r ts ,  1954 ; E m e is , 1958) and t h e  h a p lo p h a s e  
o f  t h e  l i f e  c y c le  i s  e l i m i n a te d .
C o n d i t io n s  f o r  in d u c t io n  o f  s p o r u l a t i o n  h a v e  been  s tu d i e d  e x t e n s i v e l y .  
O r i g in a l ly  s t a r v a t i o n  was th o u g h t  to  be  t h e  c a u s e  ( d e  S e y n e s , 1868 ; H an sen , 
1 9 0 2 ) . However c e r t a i n  n u t r i e n t s  a r e  n e c e s s a r y  f o r  o p t im a l  s p o r u l a t i o n  
and e n v iro n m e n ta l  c o n d i t io n s  a r e  v e ry  im p o r ta n t .  No s i n g l e  medium i s  
s u i t e d  to  a l l  y e a s t  s t r a i n s .  Gypsum b lo c k s  ( P h a f f  and M rak, 1 9 4 9 ) , v e g ­
e t a b l e  s l i c e s  (B e d fo rd , 1941 ; P h a f f  and M rak, 1949) and v e g e ta b le  e x t r a c t s  
(W ickerham  e t  a l ,  1946) hav e  a l l  b e e n  u s e d  in  th e  p a s t  to  in d u c e  s p o r u l a t i o n ,  
H ow ever, m ore r e c e n t  s t u d i e s  h av e  r e v e a le d  t h a t  th e  p r e s p o r u l a t i o n  
p h a s e  i s  im p o r ta n t  and a c t i v e l y  g ro w in g  c e l l s  g iv e  o p t im a l  s p o r u l a t i o n  
when t r a n s f e r r e d  t o  a  s u i t a b l e  s p o r u l a t i o n  medium (H a n sen , 1883 ; F o w e ll 
and M oorse, 1 9 6 0 ) , C e l l  p o p u la t io n  d e n s i t y  ( F o w e l l ,  1967; K i r s o p ,  1957) 
may a l s o  be  c r i t i c a l  and te m p e ra tu re  ( S t a n t i a l ,  1 9 35 ; Adams and M i l l e r ,
1 9 5 4 ) , c a rb o n  and  n i t r o g e n  s u b s t r a t e s ,  pH v a lu e  and o r g a n ic  io n s  o f  th e  
medium p la y  a v i t a l  r o l e  (F o w e l l ,  1 9 6 9 ) ,
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A f te r  s p o r u l a t i o n ,  t h e  s p o r e s  n e e d  t o  be  i s o l a t e d ,  r e a d y  f o r  h y b r id ­
i s a t i o n .  M ethods o f  r u p t u r i n g  th e  a s c i  a r e  n u m ero u s, th e  m o st common 
b e in g  e n zy m ic , u s in g  e x t r a c t s  o f  b a c t e r i a  (W rig h t and  L e d e rb e r g ,  1957;
M agnl and  von B o r s t e l ,  1 9 6 2 ) , o r  s n a i l  g u t  j u i c e  ( h e l i c a s e ;  J o h n s to n  and 
M o rtim e r , 1 9 5 9 ) . M e c h a n ic a l t e c h n iq u e s  h a v e  a l s o  been  im p lem en ted  (E m e is , 
1 9 5 8 ; Emeis and G u tz , 19 5 8 ; W in d is c h , 1 9 6 1 ) , b u t  damage to  s p o r e s  i s  th e n  
îm â v o id a b le .  B o th  o f  t h e s e  m ethods r e q u i r e  su p p le m e n ta ry  t r e a tm e n t  t o  
s e p a r a t e  th e  s p o re s  w h ich  a d h e re  t o g e t h e r  a f t e r  rem o v a l o f  t h e  a s c u s  w a l l .  
F o r  r u p tu r e  o f  a s c i  w here  g e n e t i c  a n a ly s i s  i s  to  f o l lo w ,  m ic ro m a n ip u la tio n  
i s  u s e d  t o  s e p a r a t e  a s c i ,  and d i s s e c t  o u t  th e  s p o re s  (F o w e l l ,  1 9 6 9 ) ,
Some s t r a i n s  o f  b rew ers*  y e a s t  s p o r u l a t e  p o o r ly  a n d /o r  p ro d u c e  s p o re s  
o f  low  v i a b i l i t y  o r  f e r t i l i t y  (F o w e l l ,  1 9 6 9 ) , and m ethods o f  c o n c e n t r a t i n g  
th e  s p o re s  in  t h e  m ix tu re  w ith  a s c i ,  and  v e g e t a t i v e  c e l l s  may b e  n e c e s s a r y .  
S e l e c t i v e  h e a t  't r e a tm e n t  (W ickerham  and B u r to n , 1954 ) i s  s a id  t o  e l i m i n a t e  
a  p r o p o r t io n  o f  t h e  v e g e t a t i v e  c e l l s ,  b e c a u s e  th e y  a r e  s l i g h t l y  m ore s e n ­
s i t i v e  t o  h ig h e r  t e m p e ra tu re s  th a n  a r e  s p o r e s .  O th e r  t e c h n iq u e s ,  u se d  
f o r  c o n c e n t r a t i o n ,  a r e  b a se d  on t h e  d i f f e r e n c e  b e tw een  s u r f a c e  c h a rg e  
c h a r a c t e r i s t i c s  o f  v e g e t a t i v e  and s p o re  c e l l s ,  and  in v o lv e  o i l  f l o t a t i o n  
(G u tz ,  1958) o r  e l e c t r o p h o r e s i s  (R e s n ic k  J d ,  1 9 6 7 ) ,
When th e s e  s e p a r a t i o n  m ethods a r e  n o t  u s e d ,  th e  c e l l s  may d i s p e r s e  
when t h e  a s c u s  w a l l  i s  r u p tu r e d .  H ow ever, in  some s t r a i n s  o f  S a c c h , 
c e r e v i s  i a e  and S a c c h , c a r l s b e r g e n s  i s , th e  s p o r e s  s e l f - d i p l o i d i s e ,  (W inge 
and L a u s ts e n ,  1940; F o w e ll ,  1 9 6 9 ) , t h a t  i s ,  become d i p l o i d s  homozygous 
f o r  m a tin g  ty p e  by d o u b l in g  t h e i r  chrom osom e num ber. H ence t h e  h a p lo ­
p h a se  o f  su ch  y e a s t s  i s  re d u c e d  to  a  minimum. I n  o t h e r  s t r a i n s  o f  S a c c h . 
c e r e v i s i a e ,  t h e r e  i s  a  2 :2  s e g r e g a t io n  o f  d i p l o i d  and  h a p lo id  s p o r e
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c u l t u r e s  (F o w e l l ,  1 9 6 8 ) .  D ip lo id  s p o r e s  may a l s o  b e  p ro d u c e d  due t o  t h e  
I n c l u s io n  o f  tw o d a u g h te r  n u c l e i  i n  one  s p o re  (W inge and  R o b e r t s ,  1950)  
o r  by p o ly p lo id  y e a s t s  su ch  a s  th o s e  u s e d  in  b r e w e r ie s  (E m e is , 19 5 8 )•
The n e x t  s t a g e  a f t e r  s p o r u l a t i o n  and s e p a r a t i o n  o f  h a p lo id s  i s  t h e  
m a tin g  p r o c e d u r e .  M a tin g s  may be c a r r i e d  o u t  i n  one o f  t h r e e  w ays. 
O r i g i n a l l y  s p o re s  w ere  p a i r e d  in  d r o p l e t s  o f  w o r t  (W inge and L a u s t s a i ,  
1938) w hich e l i m i n a t e s  t h e  p o s s i b i l i t y  o f  s e l f - d i p l o i d i s a t i o n .  H ow ever, 
t h e  low r a t e  o f  f u s io n  ( R o b e r t s ,  1950) and th e  f a c t  t h a t  s p o re s  c a n  o n ly  
be  u se d  on ce  makes t h i s  te c h n iq u e  u n s u i t a b l e  f o r  i n d u s t r i a l  b r e e d in g  
p r o j e c t s .  The se c o n d  m ethod e n t a i l s  g ro w in g 'h a p lo id ' c u l t u r e s  from  t h e  
i s o l a t e d  s p o r e s ,  i s o l a t i n g  s i n g l e  c e l l s  from  t h e s e  by m ic ro m a n ip u la tio n  
and  m a tin g  t h e s e ,  w a tc h in g  f o r  c o n ju g a t io n  u n d e r  t h e  m ic ro s c o p e . How­
e v e r ,  n u c le a r  f u s i o n  d o es  n o t  o c c u r  i n  some i n s t a n c e s  (F o w e l l ,  1969) and 
h a p lo id  c e l l s  may be  budded  o f f  t h e  a p p a r e n t  z y g o te .  T he t h i r d  te c h n iq u e  
commonly u se d  i n  t h e  p r o d u c t io n  o f  i n d u s t r i a l  h y b r id s  i s  known a s  mass 
m a tin g  (L in d e g re n  and L in d e g re n , 1 9 4 3 a )and e n t a i l s  m ix in g  l a r g e  num bers 
o f  c e l l s  o f  d e te rm in e d  o p p o s i t e  m a tin g  ty p e  in  a  n u t r i e n t  medium and 
i n c u b a t in g .  H y b rid  c e l l s  c a n  be i s o l a t e d  from  t h i s  m ix tu re  by e i t h e r  
m ic ro m a n ip u la tio n  o r  o u tg ro w in g  t h e  s lo w e r  h a p lo id s  by s u c c e s s iv e  sub­
c u l t u r e s ,  T h is  l a s t  m ethod h a s  t h e  a d v a n ta g e  t h a t  i t  d o es  n o t  in v o lv e  
m ic ro m a n ip u la t  i o n , and c o n s e q u e n t ly  l a r g e r  num bers o f  h y b r id s  c a n  be 
o b ta in e d .
In  p o ly p lo id  y e a s t s ,  su c h  a s  b re w in g  s t r a i n s  o f  S accharom yces c e r e ­
v i s i a e  and S acch aro m y ces c a r l s b e r g e n s l s  (E m e is , 1 9 5 8 ) , a  h ig h  p e r c e n ta g e  
o f  s t e r i l e  s p o re s  a r e  p ro d u ce d  ( F o w e l l ,  1 9 6 9 ) , I n  a d d i t i o n  t h o s e  y e a s t s  
w h ich  can  m ate w i th  t h e  s ta n d a r d  s t r a i n s  u se d  f o r  m a t in g  ty p e  d e te r m in ­
a t i o n s  a re  n o t  a lw a y s  c o m p a tib le  w i th  o t h e r  'm a t in g  s t r a i n s '  d e r iv e d  from
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b re w in g  y e a s t s .  T h e o r e t i c a l  r a t i o s  o f  t h e  num bers o f  t o  oc to  s t e r i l e  
s p o re  c u l t u r e s  f o r  y e a s t s  o f  d i f f e r e n t  p lo id y  and  c o n s t i t u t i o n  h a v e  been  
d e r iv e d  (E m e is , 1 9 5 8 ) . F o r  e x a m p le , a  t r i p l o i d  y e a s t  w h ich  h a s  t h e  com­
p lem e n t ^  ^  ^  g iv e s  a  s e g r e g a t io n  o f  s p o re  c u l t u r e s  a : a ; s t e r i l e  o f  3 : 1 : 2 ,  
o r  one w hich i s  com posed o f  ^  ^  oc g iv e s  a  r a t i o  o f  1 : 3 : 2 .  T h e r e f o r e  f o r  
b o th  t h e s e  ty p e s  o f  y e a s t s ,  one t h i r d  o f  t h e i r  s p o re  p r o d u c ts  w i l l  b e  
s t e r i l e .  W here t e t r a p l o i d  y e a s t s  a r e  c o n c e rn e d , t h e  c o n s t i t u t i o n s  
mS .2 .S 5 »  .5 .5 5  ^  ^  ^  w o u ld , i n  t h e o r y ,  g iv e  r i s e  r e s p e c t i v e l y  t o
s p o re  c u l t u r e s  i n  t h e  r a t i o  o f  ^ : a : s t e r i l e  o f  1 : 0 : 1 ,  1 : 1 :4  and  0 : 1 : 1 ,  
t h a t  i s  e i t h e r  two t h i r d s  o r  h a l f  o f  t h e  s p o r e s  w i l l  b e  s t e r i l e .  The 
p r o p o r t io n  o f  s t e r i l e  p r o d u c ts  r i s e s  a s  t h e  p lo id y  num ber i n c r e a s e s .
Thus in  p e n ta p lo id  y e a s t s  o f  m a tin g  ty p e  c o n s t i t u t i o n  ^  ja ^  a  ^  a  r a t i o  o f  
4 :1 :1 5  w i l l  be  o b ta in e d  and  o f  t h e  com plem ent _a _a ^  ^  oc, 1 : 4 :1 5 ,  t h r e e  
q u a r t e r s  o f  t h e  t o t a l .  H y b r id i s a t i o n  o f  known h a p lo i d s ,  h o w ev er, p ro d u c e s  
d i p l o i d  h y b r id s  w h ic h , t h e o r e t i c a l l y ,  s h o u ld  g iv e  low p e r c e n ta g e s  o f  
s t e r i l e  m a tin g  s t r a i n s .  T h is  te c h n iq u e  c a n  be u se d  t o  im p ro v e  t h e  o v e r ­
a l l  f e r t i l i t y  and v i a b i l i t y  o f  s p o re  c u l t u r e s  to  be u s e d  in  b r e e d in g  
p rogram m es.
The i n c l u s io n  o f  f a v o u r a b le  f e r m e n ta t io n  c h a r a c t e r i s t i c s  i n  a  p a r t ­
i c u l a r  y e a s t  h y b r id  s t r a i n  dep>ends on th e  way t h a t  t h e s e  f a c t o r s  s e g r e g a te  
d u r in g  s p o r u l a t i o n  o f  t h e  p a r e n t  s t r a i n s  and th e  i n f lu e n c e  t h a t  t h e  g en es  
o f  one m a tin g  s t r a i n  hav e  on th o s e  o f  i t s  p a r t n e r  d u r in g  and  a f t e r  h y b r id ­
i s a t i o n .  T he m ost f a v o u r a b le  h y b r id s ,  a r e  n o t  a lw a y s  p ro d u c e d  from  th e  
b e s t  h a p lo id s  o r  p a r e n t  y e a s t  ( F o w e l l ,  1 9 5 8 ) , due  to  th e  a d d i t i v e  o r  
s u b t r a c t i v e  e f f e c t  o f  some g e n e s , p a r t i c u l a r l y  t h o s e  c o n c e rn e d  w i th  s u g a r
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f e r m e n ta t io n  (O e s e r  and W in d isc h , 1 9 6 4 ) . Some c h a r a c t e r i s t i c s ,  s u c h  a s  
t h e  r a t e  o f  u t i l i s a t i o n  o f  t h e s e  s u g a r s  in  w o r t ,  may be v a s t l y  im proved  in  
h y b r id s  when com pared  w ith  t h e i r  p a r e n t a l  ty p e s  (F o w e l l ,  1958 ; C la y to n ,
^ e t 1972) .  How ever o t h e r  c h a r a c t e r i s t i c s  su c h  a s  f lo c c u le n c e  nay  be 
i n te r m e d ia t e  b e tw e en  th o s e  o f  t h e  p a r e n t  ty p e s  ( G i l l i l a n d ,  1 9 5 1 ; K i r s o p ,  
1 9 7 0 ) .  I n h e r i t a n c e  o f  f l o c c u l a t i n g  a b i l i t y  h a s  b e e n  s tu d i e d  by s e v e r a l  
w o rk e rs , and th e  v a r i a b l e  c o n c lu s io n s  re a c h e d  r e v e a l  t h e  h e te ro g e n e o u s  
n a t u r e  o f  t h e  phenom enon te rm ed  'f lo c c u le n c e *  i n  y e a s t s .  A s i n g l e  d om inan t 
f a c t o r  was p ro p o s e d  a s  th e  d e te r m in a n t  o f  f lo c c u le n c e  i n  one  s t r a i n  
( G i l l i l a n d ,  1951) b u t  g e n e t i c a l  i n v e s t i g a t i o n s  o f  a n o th e r  g ro u p  o f  b re w in g  
y e a s t s  h av e  d i s c l o s e d  th e  p r e s e n c e  o f  t h r e e  p o ly m e r ic  genes  d e te r m in in g  
t h i s  p r o p e r ty  (T h o rn e , 1 9 5 1 a , 1 9 5 2 ) . F lo c c u le n c e  was a g a in  c o n c lu d e d  to  
be a  d o m inan t t r a i t  b e c a u s e  t h e  p r e s e n c e  o f  a  s i n g l e  dom inem t gene  c o n ­
f e r r e d  f l o c c u l a t i n g  a b i l i t y  on i t s  h y b r id s .  H ow ever, n o n - f l o c c u l e n t  
s t r a i n s  som etim es a r o s e  w here  th e y  c o u ld  n o t  be  e x p e c te d  from  c a l c u l a t e d  
r a t i o s  and t h i s  was e x p la in e d  by an e x c e s s iv e ly  h ig h  m u ta tio n  r a t e  from  t h e  
d o m in an t to  th e  r e c e s s i v e  g e n e , o r  an i n h i b i t o r  o r  r e p r e s s o r  g e n e  (T h o rn e , 
1 9 5 2 ) . I t  may b e  t h a t  th e  th r e e - g e n e  p o ly m e r ic  sy s te m  i s  n o t  t h e  w hole  
e x p la n a t i o n ,  f o r  o t h e r  work ( G i l l i l a n d ,  1951 , 1955 ; K ir s o p ,  1970) h a s  
shown t h a t  f lo c c u le n c e  i s  g e n e t i c a l l y  c o n t r o l l e d  b u t  in  a l l  c a s e s  i t  was 
n o t  c l e a r  w h e th e r  i t  o r  n o n - f lo c c u le n c e  was t h e  d o m in a n t t r a i t .
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T he o b j e c t  o f  t h e  work In  t h e  p r e s e n t  s tu d y  i s  t o  exam ine t h e  
s p o r u l a t i o n  c h a r a c t e r i s t i c s  o f  s t r a i n s  o f  S a c c h . c e r e v i s i a e  and  S a c c h . 
c a r l s b e r g e n s i s  and to  p ro d u c e  by h y b r i d i s a t i o n  s t r a i n s  o f  y e a s t  w h ic h , 
t o g e t h e r  w i th  t h e  p a r e n t  s t r a i n s ,  c a n  b e  exam ined  f o r  i n h e r i t a n c e  o f  




T he y e a s t  s t r a i n s  em ployed  i n  t h i s  work a r e  l i s t e d  i n  T a b le  1 . 
T h e se  s t r a i n s  and a l l  h y b r id s  and  m a tin g  s t r a i n s  w e re  m a in ta in e d  on 
MYGP a g a r  s lo p e s  (W ickerham , 1951) a t  4?C and  s u b c u l tu r e d  e v e ry  t h r e e  
t o  s i x  m o n th s .
MEDIA
M alt E x t r a c t - Y e a s t  E x t r a c t- G lu c o s e - P e p to n e  Medium (MYGP; W ickerham  1951)
g / l i t r e
M alt E x t r a c t  (O x o id )  3
Y e a s t  E x t r a c t  ( D i f c o )  3
G lu c o se  10
P e p to n e  (D ifc o )  5
T he medium was d is p e n s e d  i n  10 ml p o r t i o n s  i n  M acC artney  b o t t l e s
(30  ml c a p a c i t y ) .  To make MYGP s o l i d  m edium , a g a r  ( 1 5 g / l ;  O xoid  No 3 )
was in c lu d e d ;  th e  medium was p la c e d  in  a  s te a m e r  t o  m e lt t h e  a g a r  and
th e n  d is p e n s e d  in  M acC artney  b o t t l e s .  B o th  MYGP b r o th  and MYGP a g a r
2
w ere  a u to c la v e d  i n  15 l b / i n  f o r  15 m in . The b o t t l e s  c o n ta i n in g  
m e lte d  a g a r  w ere  i n c l i n e d  a t  an  a n g le  o f  _ca 30® a f t e r  a u to c l a v in g  t o  
p ro d u c e  s lo p e s  o f  s o l i d i f i e d  medium.
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TABLE 1
S t r a i n s  o f  S accharom yces c e r e v i s i a e  and S accharom yces 
c a r l s b e r g e n s i s  em ployed  in  t h e  p r e s e n t  s tu d y
S t r a i n  number O r ig in  o r  d é s ig n a t io n
S accharom yces c e r e v i s i a e •
Y 1 A ie  b re w e ry  s t r a i n
Y 7 A le b re w e ry  s t r a i n
Y 8 A le  b re w e ry  s t r a i n
Y 9 A le b re w e ry  s t r a i n
Y 10 A le  b re w e ry  s t r a i n
Y 11 A le  b re w e ry  s t r a i n
Y 26 A le b re w e ry  s t r a i n
Y 32 B ak e ry  s t r a i n
Y 33 B ak e ry  s t r a i n
Y 80 A le b re w e ry  s t r a i n
Y 86 A le  b rew e ry  s t r a i n
Y 261 D i s t i l l e r y  s t r a i n
Y 304 NCYC 1211
Y 307 NCYC 1026
Y 311 NCYC 1083
Y 366 NCYC 366
STa S ta n d a r d  & m a tin g  s t r a i n
STa S ta n d a r d  oc m a tin g  s t r a i n
S acch aro m y ces c a r l s b e r g e n s i s
Y 41 L a g e r  b re w e ry  s t r a i n
Y 43 N o n -b rew in g  h y b r id  s t r a i n
y 90 L a g e r  b rew e ry  s t r a i n ,  AJ 2094
Y 92 L a g e r  b re w e ry  s t r a i n ,  AJ 2091
Y 93 L a g e r  b re w e ry  s t r a i n ,  AJ 2036
Y 94 L a g e r  b rew e ry  s t r a i n
Y 95 L a g e r  b rew e ry  s t r a i n
Y 140 L a g e r  b re w e ry  s t r a i n
-  29 -
TABLE 1 c o n t in u e d
NCYC s ta n d s  f o r  t h e  N a t io n a l  C o l l e c t i o n  o f  Y e a s t  C u l t u r e s ,  
l o c a t e d  a t  th e  B re w in g  I n d u s t r y  R e s e a rc h  F o u n d a t io n , R e d h i l l ,  S u r r e y ;  
A J, th e  A lf re d  J d rg e n s o n  C o l l e c t i o n  o f  Y e a s t C u l t u r e s ,  l o c a t e d  i n  
C openhagen , D enm ark. Y e a s t  s t r a i n s  S T ^, STa and Y 43 w ere  o b ta in e d  
from  R, R . F o w e l l ,  E w e ll T e c h n ic a l  C o l le g e ,  Epsom , S u r r e y .
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W a l l e r s t e i n  L a b o r a to r i e s  N u tr i e n t -A g a r (WLN; G reen  and G ra y , 1950)
g / l i t r e
Y e a s t  E x t r a c t  (D ifc o )  4
C a s i to n e  ( D if c o )  5
G lu c o se  50
KH.PO^ 0 .5 5
2 4
KCl 0 .4 2 5
C aC l* .2H _0 0 .1 2 5
MgSO^.TH^O 0 .1 2 5
FeClg.GHgO 0 .0 0 2 5
M nS0^.4H^0 0 .0 0 2 5
4 2
A gar 20
B ro m o -c re s o l g re e n  ( D ifc o )  0 .0 2 2
The s a l t s  w ere  made up  i n  s o l u t i o n s  o f  one h u n d re d  t im e s  th e
f i n a l  s t r e n g t h  r e q u i r e d .  T he o t h e r  i n g r e d i e n t s  w ere  made u p  t o
500 m l, d i s s o lv e d  u s in g  a  s te a m  b a th ,  and  10 ml o f  e a ch  s a l t  s o l u t i o n
was a d d e d . The medium was th e n  made u p  t o  one l i t r e ,  and p o r t i o n s
(1 5 0  m l) d is p e n s e d  i n  b o t t l e s  (m e d ic a l  f l a t s  o r  lO oz b o t t l e s )  and s t e r i -  
2
l i s e d  a t  15 l b / i n  f o r  15 m in . A l t e r n a t i v e l y ,  th e  c o m p le te  medium was
o b ta in e d  c o m m e rc ia lly  ( D if c o )  and 80 g  o f  th e  pow der w ere  d i s s o l v e d  i n
one  l i t r e  o f  d i s t i l l e d  w a te r  by s te a m in g . P o r t io n s  (1 5 0  m l) w ere
2
d is p e n s e d  i n  b o t t l e s  a s  b e f o r e ,  th e n  s t e r i l i s e d  a t  15 l b / i n  f o r  15 m in .
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B rew ers*  W ort
The medium u s e d  f o r  t e s t - t u b e  c u l t u r e s ,  g ro w th  r a t e  an d  fe rm en ­
t a t i o n  r a t e  d e te r m i n a t i o n s ,  e s t i m a t io n s  o f  h ead  and f lo c c u le n c e  and 
1 .5  l i t r e  t u b e - c u l t u r e s  was b rew ers*  a l e  w o r t .  T h is  was p ro d u c e d  by 
A l l ie d  B re w e r ie s  a t  B u r to n , and  was an aq u eo u s e x t r a c t  o f  m a l te d  b a r l e y  
( a l e  m a l t)  made a t  an e x t r a c t i o n  te m p e ra tu re  o f  65®C, T he w o r t  was 
th e n  b o i l e d  w ith  hops and  f i l t e r e d .  I t  h a d  a  s p e c i f i c  g r a v i t y  o f  
c a  1 .0 6 0 .  T h is  was d i l u t e d  w i th  w a te r  i n  t h e  l a b o r a t o r y ,  t o  a  s p ,  g r .  
o f  1 .0 4 0  -  0 .0 0 1 .  The d i l u t e d  w o r t  was f i l t e r e d  th ro u g h  k i e s e l g u h r
( F i l t e r c e l ;  Jo h n s  M a n v i l le ,  R ichm ond) and th e n  s t e r i l i s e d  e i t h e r  by
2
a u to c l a v in g  a t  15 l b / i n  f o r  o n e  m in ,c o r  by  f i l t r a t i o n  th ro u g h  a  
s t e r i l e  c e l l u l o s e  a c e t a t e  membrane f i l t e r  (4 7  mm d ia m e te r ;  p o r e  s i z e  
0 ,2 2  p,m; M i l l i p o r e ,  L o n d o n ).
The a le  w o r t  u s e d  f o r  t h e  2 0 - l i t r e  f e r m e n ta t io n s  was o c c a s i o n a l l y  
from  th e  same s o u r c e ,  b u t  a t  o t h e r  t im e s  i t  was o b ta in e d  from  t h e  l a b ­
o r a t o r y  m ic ro b re w e ry . H ow ever t h e  s p e c i f i c a t i o n  was th e  same f o r  w o r t
from  b o th  s o u r c e s .  L a g e r  w o r t ,  u s e d  f o r  2 0 - l i t r e  c u l t u r e s ,  was p ro d u ce d
+
i n  th e  m ic ro b re w e ry  from  l a g e r  m a l t ;  i t  had  a  f i n a l  s p .  g r ,  o f  1 .0 3 3  -  
0 .0 0 1 .
The w o r t  u se d  in  t h e  p r o d u c t io n - s c a l e  t r i a l s  i n  th e  c lo s e d  v e s s e l s  
(480  b r l )  was p r e p a r e d  a s  a l r e a d y  d e s c r i b e d ,  and was d i l u t e d  b e f o r e  
i n o c u l a t i o n  w ith  y e a s t  t o  a  s p .  g r ,  o f  1 .0 3 8  -  0 .0 0 1 ,  F o r  p r o d u c t io n  
t r i a l s  i n  t h e  open  v e s s e l s  (60  b r l  and 168 b r l )  th e  w o r t  had  an  o r i g i n a l  
s p .  g r ,  o f  1 .0 3 6 5  -  0 .0 0 1 .
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P r e s p o r u l a t i o n  A gar
g/litre
G lu c o se  20
KH^PO  ̂ 2
Y e a s t  E x t r a c t  ( D ifc o )  6
Agar (O x o id , No 3 )  15
The medium was p la c e d  i n  a  s te a m e r  to  m e lt  th e  a g a r .  P o r t i o n s
(150  m l) o f  m e lte d  medium w ere  d is p e n s e d  i n  lO oz b o t t l e s  (6 0  mm d ia m e te r
X 150 mm) and f u r t h e r  p o r t i o n s  (15  m l) i n  M acC artney  b o t t l e s  (30  ml
2
c a p a c i t y ) .  The b o t t l e s  w e re  th e n  a u to c la v e d  a t  15 l b / i n  f o r  15 m in . 
The M acC artney  b o t t l e s  c o n ta i n in g  m o lte n  a g a r  medium w e re  i n c l i n e d  
w h i le  th e y  c o o le d ,  t o  fo rm  s lo p e s  o f  s o l i d i f i e d  medium.
S p o r u la t io n  Agar
g / l i t r e
G lu c o se  1
KCl 1 .8
Sodium  a c e t a t e  (2  p e r c e n t  w a te r )  8 .2
Y e a s t E x t r a c t  (D ifc o )  2 .5
Agar (O xoid  No 3 )  20
T he medium was p la c e d  i n  a  s te a m e r  t o  m e lt  t h e  a g a r .  P o r t i o n s
(1 5 0  m l) w ere  d i s p e n s e d  in  lO oz b o t t l e s  (60  mm d ia m e te r  x  150 mm).
F u r th e r  p o r t i o n s  (15  m l) w ere  d is p e n s e d  in  M acC artney  b o t t l e s  (30  ml
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2
c a p a c i t y ) .  A l l  o f  th e  medium was a u to c la v e d  a t  15 l b / i n  f o r  15 m in .
The M acC artney  b o t t l e s  c o n t a i n in g  m o lte n  medium w ere  i n c l i n e d  to  p ro d u c e  
s l o p e s .
S e d im e n ta t io n  B ro th  ( C h e s te r .  1963)
g / l i t r e
G lu c o s e  4
KCl 0 .5
*
MgPO .THgO 0 .3
(« 1 4 ) 2 8 0 4  2
Y e a s t  E x t r a c t  ( D if c o )  5
P o r t io n s  (9  m l) o f  medium w ere  d is p e n s e d  in  M acC artney  b o t t l e s
2
(2 5  m l) and a u to c la v e d  a t  15 l b / i n  f o r  5 m in . A s o l u t i o n  o f  c a lc iu m  
c h l o r i d e  c o n t a i n in g  1 3 .1 4  g / l i t r e  (CoClg.ZH^O) was p r e p a r e d ,  T y n d a l l i s e d ,  
and a  p o r t i o n  (o n e  m l) was ad d ed  a s e p t i c a l l y  t o  e a c h  b o t t l e .
EXPERIMENTAL CULTURES
T e s t-T u b e  C u l t u r e s
P o r t i o n s  (10  m l) o f  t h e  same b a tc h  o f  s t e r i l e  b re w e ry  a l e  w o r t  
( s p ,  g r ,  1 .0 4 0  -  0 .0 0 1 )  i n  t e s t - t u b e s  (16  mm d ia m e te r  x  150 mm) w ere  ea ch  
in o c u la te d  w ith  a  p in h e a d  o f  y e a s t  from  an MYGP s lo p e  c u l t u r e .  T he 
c u l t u r e s  w ere  in c u b a te d  s t a t i c a l l y  f o r  72 h a t  25®C, th o ro u g h ly  sh a k e n , 
and 1 .0  ml o f  a  u n ifo rm  s u s p e n s io n  was i n o c u la te d  i n t o  e a c h  p o r t i o n
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(1 0  m l) o f  s t e r i l e  w o r t  ( s p ,  g r ,  1*040 -  0*001) in  tu b e s  (16  mm d ia m e te r  
X 150 mm) * The w o r t  was a g a in  from  th e  same b a tc h *  T h e se  c u l t u r e s  
w ere  in c u b a te d  s t a t i c a l l y  a t  25®C f o r  24 h* They w ere  sh a k en  th o ro u g h ly  
and  an  a b s o rb a n c y  m easu rem en t was made on e a c h  c u l t u r e  u s in g  an EEL 
c o l o r i m e t e r ,  w i th  a  n e u t r a l  d e n s i t y  f i l t e r  b e tw een  t h e  l i g h t  s o u rc e  and 
t h e  p h o t o c e l l .  The c u l t u r e s  w ere th e n  in c u b a te d  s t a t i c a l l y  f o r  a  f u r t h e r  
72 h  a t  25®C and t h e i r  f i n a l  s p e c i f i c  g r a v i t i e s  w ere  d e te rm in e d  by th e  
d ro p  g r a v i t y  m ethod (W illia m s  and S t r i n g e r ,  1 9 5 5 ) ,
A f t e r  96 h  in c u b a t io n ,  t h e  c u l t u r e s  w ere  c o o le d  (4®C) o v e r n ig h t  
t o  s e d im e n t  t h e  y e a s t s ,  and th e  s u p e r n a t a n t s  w ere  d i s c a r d e d .  The y e a s t  
s e d im e n ts  w ere  th e n  exam ined  f o r  d e g re e  o f  f lo c c u le n c e  (p  43 )*
When t h e  f lo c c u le n c e  e s t i m a t io n s  h ad  b e e n  c o m p le te d , a  p o r t i o n  
(10  m l) o f  s t e r i l e  w o r t  ( s p ,  g r .  1*040 ) was added  t o  e a c h  tu b e  c o n ta i n in g  
s e d im e n te d  y e a s t s ,  and t h e  tu b e s  w ere  in c u b a te d  o v e m ig j i t  s t a t i c a l l y  and 
ex am in ed  f o r  h e a d  fo rm a tio n *
Tube C u l t u r e s  ( 1 .5  l i t r e s )
P r e p a r a t i o n  o f  y e a s t  in o c u la
Y e a s t  s t r a i n s  t o  b e  t e s t e d  w e re  e a ch  in o c u l a te d  i n to  s t e r i l e  a l e  
w o r t  ( c a  400 m l; s p ,  g r .  1*040) i n  a  c o n ic a l  f l a s k  (o n e  l i t r e  c a p a c i t y ) ,  
and t h e  c u l t u r e s  w ere  I n c u b a te d  f o r  72 h  t o  96 h s t a t i c a l l y  a t  25*C. 
S t r a i n  Y 1 was in c lu d e d  in  e a ch  e x p e r im e n t a s  a  c o n t r o l  y e a s t .  T he  
c u l t u r e s  w ere  c e n t r i f u g e d  a s e p t l c a l l y  i n  w e ig h e d , s t e r i l e  c e n t r i f u g e  
b o t t l e s  (o n e  l i t r e  c a p a c i ty )  a t  600 in  an  MSE M a jo r  c e n t r i f u g e ,  and  
th e  s u p e r n a t a n t s  w ere  d is c a rd e d *  The c e n t r i f u g e  b o t t l e s  w ere  r e w e ig j ie d .
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t h e  w e t w e ig h t o f  y e a s t  in  e a c h  b o t t l e  c a l c u l a t e d ,  and  a d ju s tm e n ts  w ere 
made su ch  t h a t  e a c h  b o t t l e  c o n ta in e d  th e  sam e w e ig h t o f  y e a s t  (b e tw e e n  
4*0 and 5*0 g  w et w e lg i i t ) .  The c e l l s  w e re  th e n  re s u s p e n d e d  i n  one l i t r e  
o f  s t e r i l e  d i s t i l l e d  w a te r*
F e rm e n ta t io n s  i n  t w o - l i t r e  tu b e s  (recom m ended by th e  E u ro p ean  B rew ing
C o n v e n tio n ;  C ook, 1963)
G la s s  tu b e s  (6 5  mm d ia m e te r  x  900 mm l e n g t h ;  t w o - l i t r e  c a p a c i ty  
w i th  a  s h o r t  s i d e  arm  o f  30 mm d ia m e te r ,  s e a l e d  w i th  a  S u b a s e a l ,  s i z e  
5 3 ) w ere c le a n e d  th o ro u g h ly  and s t e r i l i s e d  by a l lo w in g  a  1% ( v /v )  M ic ro -  
c le n e  s o l u t i o n  ( S o i l a x ,  S lo u g h )  t o  s ta n d  in  th e  tu b e s  o v e r n i g h t .  S t e r i l e  
c o t t o n  w ool bungs w ere  th e n  p la c e d  in  p o s i t i o n  t o  s e a l  th e  open  t o p s ,  
and th e  s t e r i l a n t  s o l u t i o n  was d r a in e d  o u t  th ro u g h  th e  t a p  a t  t h e  b a s e .  
E ach  y e a s t  s u s p e n s io n  was d i s p e n s e d  u n d e r  n e a r l y  a s e p t i c  c o n d i t i o n s .  
P o r t i o n s  (2  x  500 m l) w ere  d i s p e n s e d  i n t o  two o f  th e  s t e r i l i s e d  t u b e s ,  
and  b o i l e d  a l e  w o r t  (o n e  l i t r e ;  s p .  g r .  1*060 -  0 .0 0 4 )  was added  t o  g iv e  
an  a p p ro x im a te  o v e r a l l  s p .  g r ,  o f  1*040 . T he c o n te n t s  o f  t h e  tu b e s  w ere 
m ixed  by  s h a k in g ,  and  a  sam p le  (tw o  m l) was th e n  w ith d ra w n  from  e a c h  tu b e  
th ro u g ji  t h e  S u b a s e a l  u s in g  a  s t e r i l e  s y r in g e *
T h e se  s a m p le s , and a l l  o t h e r s  ta lcen  tw ic e  d a i l y  th ro u g h o u t  t h e  f e r ­
m e n ta t io n  p e r i o d ,  w ere  t e s t e d  f o r  s p e c i f i c  g r a v i t y  by th e  e q u i l ib r iu m  
d ro p  te c h n iq u e  and f o r  c e l l  c o u n t .  In  a d d i t i o n ,  th e  y e a s t  head  p ro d u ce d  
on t h e  f e rm e n t in g  l i q u i d  in  e a c h  tu b e  was m easu red  (cm ) and s e l e c t e d  
s a m p le s  w ere p l a t e d  o u t  i n  WLN c o n ta i n in g  a c t i d i o n e  (p  4 5 )  t o  t e s t  f o r  
b a c t e r i a l  i n f e c t i o n .
When f e r m e n ta t io n  was ju d g e d  t o  be  c o m p le te ,  t h a t  i s ,  when t h e  r a t e  
o f  d ro p  in  s p e c i f i c  g r a v i t y  was l e s s  th a n  0*0005 u n i t s  i n  24 h ,  o r  when
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t h e  s p e c i f i c  g r a v i t y  had  f a l l e n  below  1 .0 1 2 ,  th e  y e a s t  c ro p  from  ea ch  
tu b e  was h a r v e s t e d .  T o t a l  w e t w e ig h t y i e l d s  f o r  ea ch  t e s t  s t r a i n  and 
th e  c o n t r o l  s t r a i n  Y 1 w ere d e te rm in e d .
C a n i s t e r  C u l tu r e s  (20  l i t r e s )
P r e p a r a t i o n  o f  y e a s t  i n o c u la
E ach  y e a s t  u n d e r  t e s t  v/as i n o c u la te d  i n t o  p o r t i o n s  o f  s t e r i l e  a l e  
o r  l a g e r  w o r t  (3  x  600 ml p o r t i o n s  o f  a l e  w o r t ,  s p ,  g r ,  ^  1 .0 4 0 ,  o r  
4 X 600 ml p o r t i o n s  o f  l a g e r  w o r t^ s p ,  g r ,  jca  1 .0 3 3 )  i n  c o n ic a l  f l a s k s  
(o n e  l i t r e )  and  in c u b a te d  s t a t i c a l l y  a t  25°C f o r  72 -9 6  h .  Y e a s ts  Y 1 
and y  140 w ere  c o n t r o l  s t r a i n s  u s e d  f o r  a l e  and l a g e r  f e r m e n ta t io n s  
r e s p e c t i v e l y .
The c u l t u r e s  w ere  c e n t r i f u g e d  a s e p t i c a l l y  i n  w e ig h e d , s t e r i l e  
c e n t r i f u g e  b o t t l e s  (o n e  l i t r e )  a t  600 on an MSE M ajor c e n t r i f u g e ,  and 
th e  s u p e r n a t a n t  was d i s c a r d e d .  The c e n t r i f u g e  b o t t l e s  w ere  re w e ig h e d , 
t l ie  w e t w e ig h t o f  y e a s t  in  e a ch  one  was c a l c u l a t e d ,  and e a ch  t e s t  and 
c o n t r o l  y e a s t  s l u r r y  was d i s t r i b u t e d  i n t o  tw o s t e r i l e  c o n ic a l  f l a s k s  
(2 5 0  m l) ,  t o  g iv e  t h e  same w e t w e ig h t i n  e a ch  f l a s k  ( b e t w e ^  25 and 30 g 
f o r  a l e  f e r m e n ta t i o n s ,  and 40 t o  50 g  f o r  l a g e r  w o r t  f e r m e n t a t i o n s ) .  
S t e r i l e  p o ta s s iu m  d ih y d ro g e n  o r th o p h o s p h a te  s o l u t i o n  (2%, w /v ; o a  50 m l) 
w as ad d ed  t o  e a c h  f l a s k  and th e  y e a s t  s u s p e n s io n s  w ere  s to r e d  f o r  up  t o  
24 h  a t  4®C u n t i l  u s e d .
F e r m e n ta t io n s  i n  c a n i s t e r s
T he s t a i n l e s s  s t e e l  c a n i s t e r s  u s e d  ( C o r n e l iu s ,  B e d fo rd )  had  a  3 0 -  
l i t r e  c a p a c i ty  and w ere  c y l i n d r i c a l  (300  mm d ia m e te r  x  650 mm h e ig l i t )  and
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h ad  a  p l a s t i c  l i d  f i t t e d  w ith  a  p r e s s u r e  r e l e a s e  v a lv e *  T hey w ere
2
s t e r i l i s e d  by s te a m in g  f o r  tw o h o u rs  o r  a u to c l a v in g  a t  15 l b / i n  f o r  15 
m in , w ith  th e  r e l e a s e  v a lv e  open* S t e r i l e  w o rt ( c a  20 l i t r e s )  o f  th e  
a p p r o p r i a t e  ty p e  ( a l e  w o r t ,  s p ,  g r ,  1*040 , o r  l a g e r  w o r t ,  s p .  g r ,  1 .0 3 3 )  
w as in t r o d u c e d  a s e p t i c a l l y  i n t o  f o u r  c a n i s t e r s  and tw o c a n i s t e r s  w ere  
i n o c u l a t e d  w i th  th e  t e s t  and two w i th  t h e  c o n t r o l  s t r a i n  o f  y e a s t .
They w ere  th e n  p la c e d  i n  a  w a te r  b a th  m a in ta in e d  a t  21*C f o r  a l e  f e r ­
m e n ta t io n s  o r  14®C f o r  l a g e r  f e r m e n t a t i o n s .  S t e r i l e  sa m p le s  w ere  ta k e n  
im m e d ia te ly  a f t e r  i n o c u l a t i o n ,  and th e n  tw ic e  d a i l y ,  and  t h e s e  w ere  
ex am in ed  f o r  s p e c i f i c  g r a v i t y  ( e q u i l ib r iu m  d ro p  t e c h n iq u e ) ,  y e a s t  c o u n t  
(h a e m o c y to ra e te r ) , i n f e c t i o n  l e v e l  (b y  p l a t i n g  i n  WLN a g a r  c o n ta i n in g  
a c t i d i o n e )  and  y e a s t  s t a b i l i t y  (b y  p l a t i n g  on WIN a g a r ) .
When t h e  f e r m a i t in g  c u l t u r e s  h ad  re a c h e d  a  s p .  g r .  o f  1 ,0 1 2  -  0 .0 0 1  
f o r  a l e  f e r m e n ta t io n s  o r  1 .0 0 8  -  0 .0 0 1  f o r  l a g e r  f e r m e n t a t i o n s ,  t h e  
c a n i s t e r s  w ere  rem oved from  th e  w a te r  b a th  and p la c e d  in  a  c o ld  room (4°C ) 
t o  c h i l l  t h e  c o n te n t s  an d  s e d im e n t t h e  y e a s t .  A f te r  4 8 -7 2 h  c o o l in g  a t  
14*C, f i n i n g s  ( S a v i l l e ,  A ld r id g e )  w ere  added  to  a  c o n c e n t r a t i o n  o f  7 m l/1 .  
T he  b e e r s  w ere  l e f t  f o r  24 h a t  14®C, th e n  rem oved from  th e  y e a s t  se d im e n t 
i n t o  a  seco n d  s t a i n l e s s  s t e e l  c a n i s t e r  (18  1 c a p a c i t y ;  C o r n e l i u s ,  B e d fo rd )  
and s t o r e d  a t  14®C, C arb o n  d io x id e  g a s  ( A i r  P r o d u c ts ,  D a r la s to n )  was 
added  t o  e a c h  c a n i s t e r  ( c a  2 .8  g / 1 ) ,  t h e  b e e r s  w ere  c h i l l e d  a g a in  (14*C ) 
f o r  24 h  and t a s t e d  a g a i n s t  t h e  a p p r o p r i a t e  c o n t r o l  b e e r s ,  u s in g  th e  
t h r e e  g l a s s  p r e f e r e n c e  t e c h n iq u e  (p  4 6 ) .
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PRODUCTION SCALE F£R?.!ENTATIONS
T h re e  y e a s t s  h a v e  b e e n  t e s t e d  i n  p r o d u c t i o n - s c a l e  f e r m e n ta t i o n s ,  
nam ely  H 1 0 , H 1431 and H 1 4 6 5 . The d e t a i l s  o f  th e  t r i a l s  a r e  g i v a i  
i n  T a b le  2 .  F ou r d i f f e r e n t  s c a l e s  o f  f e r m e n ta t io n  h a v e  b e e n  c a r r i e d  
o u t  ( 2 7 ,  6 0 , 168 and 480 b a r r e l s ) .
P r e p a r a t i o n  o f  Y e a s t  f o r  I n o c u la t i o n
A s te p - u p  p ro c e d u re  was u s e d  t o  grow th e  h y b r id  y e a s t s  f o r  t h e  
t r i a l s .  The f i n a l  c u l t u r e  (5  1) o f  t h e  s t r a i n ,  in c u b a te d  in  w o r t  o f  
t h e  a p p r o p r i a t e  s t a r t i n g  g r a v i t y  ( s e e  T a b le  2 ) a t  25®C f o r  4 8 -7 2  h ,  
was i n t r o d u c e d  a s e p t i c a l l y  i n t o  a  y e a s t  p r o p a g a t io n  v e s s e l  ( c a p a c i t y  
e i g h t  b a r r e l s  f o r  open v e s s e l s ,  35 b a r r e l s  f o r  c lo s e d  v e s s e l s ) .  Then 
s t e r i l e  w o rt o f  t h e  s p e c i f i e d  g r a v i ty  was a d d e d , ( s i x  b a r r e l s  f o r  open 
f e r m e n ta t i o n s  and  30 b a r r e l s  f o r  c lo s e d  f e r m e n ta t i o n s )  and  th e  c u l t u r e s  
w ere  a llo w e d  to  grow f o r  4 8 -7 2  h  a t  21°C . C o n t r o l  y e a s t s  u s e d  in  t h e  
f e r m e n ta t io n  t r i a l s  w ere  o b ta in e d  from  th e  b rew e ry  f e r m e n ta t i o n s ,  and 
th e y  w ere  p r e s s e d  t o  rem ove w a te r  (Jo h n s o n  P r e s s ) ,  s t o r e d  a t  5 .5*C  u n t i l  
n e e d e d , and s l u r r i e d  w i th  an e q u a l  volum e o f  w a te r  p r i o r  t o  i n o c u l a t i o n  
i n to  f r e s h  w o r t .
F e r m e n ta t io n s  in  Open V e s s e ls
T he p ro p a g a te d  c u l t u r e s  o f  h y b r id  y e a s t s  and s l u r r i e s  o f  c c x it ro l  
s t r a i n s  w ere  t r a n s f e r r e d  i n t o  a le  w o r t  o f  s p ,  g r .  o f  ^  1 .0 3 6 5 , a t  18°C 
t o  g iv e  an i n i t i a l  y e a s t  c o u n t  o f  b e tw e en  n in e  and  t e n  m i l l i o n  c e l l s  p e r  
m l. The f e r m e n ta t io n s  w ere  a llo w e d  to  p ro c e e d , and ’ heads*  o f  y e a s t
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w ere rem oved by sk im m ing when n e c e s s a r y ,  b e tw een  44 and 66 h  a f t e r  th e  
s t a r t  o f  f e r m e n ta t i o n .  H ow ever, h e a d s  p ro d u c e d  on t r i a l  f e r m e n ta t io n s  
o f  s t r a i n  H 1465 w ere i n a d v e r t e n t l y  n o t  rem o v ed .
The b e e r s  w ere r u n - o f f  from  th e  f e r m e n ta t i o n  v e s s e l s ,  c l a r i f i e d  
u s in g  f i n i n g s  ( c a  1 .9  1 p e r  b r l ;  S a v i l l e ,  A ld r id g e )  and th e  b i t t e r n e s s  
was th e n  a d ju s t e d  to  31 -  2 EB U n i t s .  They w ere  th e n  t r a n s f e r r e d  i n t o  
s t a i n l e s s  s t e e l  b a r r e l - s h a p e d  v e s s e l s  o f  jca  41 1 c a p a c i t y ,  w h ich  w ere  
s to r e d  a t  13®C b e f o r e  a n a ly s i s  and t a s t e  t r i a l s .  When f e r m e n ta t i o n s  
w ere  r e p e a te d  y e a s t  was h a r v e s te d  from  th e  f i r s t  f e r m e n ta t i o n ,  and 
p r e s s e d  and t r e a t e d  in  th e  same way a s  t h e  c o n t r o l  s t r a i n s .
F e rm e n ta t io n s  in  C lo se d  V e s s e ls
The p ro p a g a te d  y e a s t  c u l t u r e s  ( c o n t r o l  and h y b r id  s t r a i n s )  w ere  
in o c u la te d  i n t o  th e  v e s s e l s  c o n ta in in g  a le  w o r t  (480  b r l ;  s p ,  g r ,  c a  
1 .0 3 8 )  a t  16°C , t o  g iv e  a  s t a r t i n g  c e l l  c o u n t o f  be tw een  s i x  and t e n  
m i l l i o n  c e l l s  p e r  m l. T he f e r m e n ta t io n s  w ere  a llo w e d  t o  p ro c e e d , t h e  
maximum t e c ^ je r a tu r e  b e in g  c o n t r o l l e d  a t  23*C. M ix in g  was e f f e c t e d  u s in g  
a  s c r e w - r o u s in g  s y s te m . When f e r m e n ta t io n  was ju d g e d  t o  be c o m p le te  ( a t  
a  Bp. g r .  o f  1 .0 1 2 5  -  0 ,0 0 1 )  th e  b e e r  w as r u n  o f f ,  and  t h e  y e a s t  t r a n s ­
f e r r e d  to  a n o th e r  v e s s e l  u n t i l  r e q u i r e d  f o r  th e  n e x t  f e r m e n t a t i o n .  A
s e r i e s  o f  s i x  f e r m e n ta t io n s  was c a r r i e d  o u t .
The b e e r s  w ere  c a i t r i f u g e d  (120  o r  250 b r l / h ;  A lf a  L a v a l ,  B r e n t f o r d )  
and f in e d  ( 1 .2  1 / b r l ;  S a v i l l e ,  A ld r id g e ) ,  r u n  o f f  from  th e  y e a s t  and
f i n i n g s ,  and t h e  b i t t e r n e s s  a d ju s t e d  t o  24 -  3 EB U n i t s .  They w ere  th e n
t r a n s f e r r e d  i n t o  41 l i t r e  v e s s e l s ,  and s to r e d  p e n d in g  a n a ly s i s  and t a s t e  
t r i a l s .
— 41 —
M easurem en ts C onduc ted  on S am ples from  th e  F e rm e n ta t io n s
A l l  p r o d u c t i o n - s c a l e  f e r m e n ta t io n s  w ere  sam p led  a t  r e g u l a r  i n t e r v a l s  
( e v e r y  4 -8  h ) and  th e  sa m p le s  w ere  exam ined  f o r  y e a s t  c o u n t ,  s p e c i f i c  
g r a v i t y  and b a c t e r i a l  i n f e c t i o n .  A d d i t io n a l  o b s e r v a t io n s  w ere  made on 
t h e  open  f e r m e n ta t i o n s ;  h ead  fo rm a tio n  was o b s e rv e d  th ro u g h o u t  t h e  p e r io d ,  
and  th e  t o t a l  y e a s t  c ro p  (w e t w e ig h t)  and r e p r o d u c t io n  r a t i o s
e s t i m a t e d .
A n a ly se s  on B e e rs
Sam ples w e re  ta k e n  from  th e  4 1 - l i t r e  v e s s e l s  and a n a ly s e d  f o r  
a l c o h o l  c o n c e n t r a t i o n ,  b i t t e r n e s s ,  c o l o u r , d i a c e t y l ,  d im e th y l  s u lp h id e ,  
n i t r o g e n  c o n te n t  (a -a m in o  and t o t a l ) ,  pH v a lu e ,  t o t a l  p o ly p h e n o l  c o n te n t ,  
o r i g i n a l  s p e c i f i c  g r a v i t y  and  p r e s e n t  g r a v i t y ,  and  a  ra n g e  o f  v o l a t i l e  
c o m p o n e n ts .
OBSERVATIONS CN EXPERIMENTS CULTURES
A verage  C e l l  Volume
Y e a s t  s t r a i n s  t o  be  t e s t e d  w ere  in c u b a te d  s t a t i c a l l y  f o r  72-96  b 
in  a l e  w o r t  (1 0  m l; s p .  g r .  1 .0 4 0 )  a t  25®C. S in c e  t h e s e  c u l t u r e s  w ere  
i n  th e  s t a t i o n a r y  p h a s e  o f  g ro w th , bud fo rm a tio n  s h o u ld  b e  m in im a l.
They w ere  m ixed th o ro u g h ly  and  sam p les  w ere  d i l u t e d  i f  n e c e s s a r y ,  b e f o r e  
m ic r o s c o p ic  e x a m in a t io n . The mean lo n g  d ia m e te r  and mean s h o r t  d ia m e te r  
o f  a  h u n d re d  ran d o m ly  s e l e c t e d  c e l l s  w ere  m easu red  u s in g  e i t h e r  a  m ic ro ­
m e te r  e y e p ie c e  g r a t i c u l e  ( V ic k e r s ,  Y ork ) o r  a  sc re w  m ic ro m e te r  e y e p ie c e
-  42 -
( Z e i s s ) ,  w h ich  had  been  c a l i b r a t e d  u s i n g  a  s t a g e  m ic ro m e te r  (W atso n , 
B a m e t ) .  T h e se  two te c h n iq u e s  gav e  s i m i l a r  c a l c u l a t e d  volum e ( -  6%) 
when t e s t e d  u s in g  th e  same y e a s t  c u l t u r e .  The mean lo n g  r a d i u s  and 
mean s h o r t  r a d iu s  w ere  c a l c u l a t e d  f o r  e a c h  y e a s t  s t r a i n  u n d e r  t e s t ,  A
V ic k e r s  m ic ro sc o p e  was u s e d .  The a v e ra g e  c e l l  volum e f o r  e a ch  y e a s t  
s t r a i n  was c a l c u l a t e d  from  "g (I a b ^ , w h ere  a  i s  t h e  mean lo n g  r a d iu s  and b ,  
t h e  mean s h o r t  r a d i u s .
C o m p ariso n s o f  c e l l  s i z e s  c o u ld  o n ly  b e  made be tw een  y e a s t s  grown in  
w o r t  d e r iv e d  from  th e  same b a tc h .  D i f f e r e n t  b a tc h e s  in t r o d u c e d  v a r i a t i o n s  
i n  c a l c u l a t e d  v o lu m es. The s ta n d a r d  d e v ia t i o n  o f  m easu rem en ts  made on 
r e p l i c a t e  sam p les  o f  one  s t r a i n  in  w o r t  from  a  s i n g l e  b a tc h ,  e x p re s s e d  
a s  a  p e rc e n ta g e  o f  t h e  m ean, i s  -  10%.
G row th D e te rm in a t io n s
T he a b s o rb a n c e  o f  t e s t  tu b e  c u l t u r e s ,  a f t e r  I n c u b a t in g  f o r  24 h 
(p  3 4 ) and m ix in g  th o r o u g h ly ,  was m ea su red  u s in g  an  EEL c o lo r i m e te r ,  
w i th  a  n e u t r a l  d e n s i ty  f i l t e r  b e tw een  th e  l i g h t  s o u rc e  and  th e  p h o t o c e l l .
A t e s t  tu b e  o f  a l e  w o rt (1 0  m l; s p .  g r .  1 .0 4 0 )  was u s e d  a s  a  b la n k .
When m easu rem en ts  w ere  b e in g  made on c e l l s  su sp e n d e d  in  any o t h e r  nædium , 
t h a t  medium was u se d  a s  t h e  b la n k .
S p e c i f i c  G r a v i ty
T h is  m ethod was o r i g i n a l l y  d e s c r ib e d  by M acD ouga ld (1909 ), l a t e r  
m o d if ie d  by  A u lt (1 9 5 4 ) ,  and  im proved  by W illia m s  and S t r i n g e r  (1 9 5 5 ) ,
I t  in v o lv e s  s o t t i n g  up  a  s e r i e s  o f  t e s t  tu b e s  c o n ta i n in g  s u c ro s e  s o l u t i o n s
-  43 -
o f  known s p e c i f i c  g r a v i t i e s  r a n g in g  from  1 .0 0 5  t o  1 .0 4 0 ,  and c o n ta i n in g  
m e r c u r ic  c h l o r i d e  (0 -5  g /1 ;  ~  o f  c o n c e n t r a t i o n  o f  s u g a r  s o l u t i o n )  t o  
p r e v e n t  i n f e c t i o n ,  A d ro p  o f  a  s o l u t i o n  o f  unknown g r a v i t y  ( a  w o r t ,  a  
b e e r ,  o r  a  f e r m e n t in g  w o r t ) ,  i s  th e n  ad d ed  to  s e l e c t e d  tu b e s .  A f te r  
f a l l i n g  a  d i s t a n c e  o f  a b o u t  20 mm, t h e  d ro p  w i l l  e i t h e r  c o n t in u e  t o  f a l l ,  
o r  r i s e .  I f  i t  f a l l s ,  i t  h a s  a  h ig h e r  s p e c i f i c  g r a v i t y  th a n  th e  s u r ­
r o u n d in g  l i q u i d ,  i f  i t  r i s e s ,  a  lo w e r  o n e .
F lo c c u le n c e
A m ethod a d a p te d  from  th e  te c h n iq u e  o f  G i l l i l a n d  (1 9 5 7 ) was u se d  
t o  e v a lu a t e  t h e  f l o c c u l a t i n g  a b i l i t y  o f  a l l  o f  th e  h y b r id  y e a s t s .  Two 
p a r e n t  s t r a i n s  nam ely Y 1 , w h ich  i s  a  m o d e ra te ly  f l o c c u l e n t  a l e  y e a s t ,  
and Y 8 0 , w h ich  i s  a  v e ry  f l o c c u l e n t  a l e  y e a s t ,  w e re  in c lu d e d  w i th  th e  
s t r a i n s  u n d e r  t e s t .  The y e a s t  s e d im e n ts  fro m  96 h  t e s t - t u b e  c u l t u r e s  
(p  34 ) w ere  exam ined  a f t e r  s h a k in g .  Y e a s t  s t r a i n s  w h ich  p ro d u ce d  sim ­
i l a r l y  g r a n u la r  s e d im e n ts  t o  Y 80 w ere c o n s id e r e d  to  b e  in  g ro u p  IV , t h e  
v e r y  f l o c c u l e n t  g ro u p , and th o s e  vAiich re s e m b le d  Y 1 w ere  in c lu d e d  i n  th e  
f lo c c u le n c e  g ro u p  I I I .  O th e r s  w h ich  p ro d u c e d  l e s s  g r a n u la r  s e d im e n ts  
th a n  s t r a i n  Y 1 b u t  w hich  s t i l l  showed some d e g re e  o f  f l o e  f o rm a tio n  
w ere  c l a s s i f i e d  u n d e r  g ro u p  I I .  S t r a i n s  w h ich  gave  se d im c sits  o f  t o t a l l y  
n o n - g r a n u la r  a p p e a ra n c e , t h a t  i s ,  w ere  n o t  f l o c c u l e n t ,  w ere  in c lu d e d  in  
g ro u p  I .  T he f lo c c u le n c e  g ro u p  was shown t o  be a  s t a b l e  c h a r a c t e r i s t i c  
f o r  an y  one s t r a i n .
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Head F o rm a tio n
The m ethod u s e d  i s  an a d a p ta t io n  o f  th e  H a r r i s  and  W atson te c h n iq u e  
( H a r r i s  and W atso n , 1 9 7 1 ) . Y e a s t s e d im e n ts  from  th e  f lo c c u le n c e  t e s t  
w ere  r e s u s p e n d e d  in  f r e s h  a l e  w o rt (10  m l; s p .  g r .  1 ,0 4 0 )  i n  t e s t  tu b e s  
(16  ram d ia m e te r  x  150 mm le n g th )  a s  d e s c r ib e d  b e f o r e  ( p  34) and in c u b a te d  
o v e r n ig h t  a t  25°C . S t r a i n s  Y 1 and  Y 80 w ere  a g a in  u s e d  a s  r e f e r e n c e  
y e a s t s .  S t r a i n  Y 1 i s  a  h e a d - fo rm in g  s t r a i n  and i s  s a i d  t o  fo rm  a  ++ 
h e a d ; s t r a i n  Y 80 fo rm s no head  and i s  s a id  to  be a  -  h ead  fo rm e r .  T he 
h e a d s  o f  y e a s t  form ed on th e  c u l t u r e s  o f  th e  t e s t  s t r a i n s  w ere  com pared  
w ith  t h o s e  o f  th e  c o n t r o l  y e a s t s ,  and h e a d -fo rm in g  a b i l i t y  was a s s e s s e d  
on th e  s c a l e  - ,  + , ++, +++ by m e a s u r in g  th e  head  h e i g h t .  The n a tu r e  o f  
e a ch  y e a s t  h e a d , w h e th e r  i t  had a  foam y o r  y e a s ty  t e x t u r e ,  was ta k e n  i n to  
c o n s id e r a t i o n  in  th e  a s s e s s m e n ts .
Y e a s t  C e l l  C ount
C e l l  c o u n ts  w ere  c a r r i e d  o u t  u s in g  a  F u c h s -R o s e n th a l  h aem o cy to rae te r 
s l i d e .  C e l l  s u s p e n s io n s  w ere  d i l u t e d  to  b e tw een  one and  t h r e e  m i l l i o n  
c e l l s  p e r  m l. A c o v e r s l i p  was s l i d  i n to  p o s i t i o n  on t h e  c o u n t in g  ch am b er, 
w hich  had  a  d e p th  o f  0 ,1  mm, so  t h a t  a  t i g h t  s e a l  was o b ta in e d  on e i t h e r  
s i d e .  E ach  s e c t i o n  o r  cham ber o f  th e  h aem o cy to rae te r s l i d e  was m arked 
o u t w i th  a  g r id  o f  l i n e s ,  d e f i n i n g  n in e  s q u a re s  ( t h r e e  by t h r e e )  w i th  
s id e  l e n g th  1 mm, ea ch  d iv id e d  i n to  16 s m a l l  s q u a r e s .  A sam p le  o f  th e  
d i l u t e d  y e a s t  s u s p e n s io n  was in t r o d u c e d  i n t o  th e  c o u n t in g  cJiam ber u s in g  
a  c a p i l l a r y  t u b e .  Y e a s t c e l l s ,  w h ich  w ere  l y i n g  w i th in  th e  l i m i t s  o f  
any t h r e e  o f  t h e  n in e  l a r g e  s q u a r e s ,  w ere  c o u n te d ,  and th e  num ber o f  c e l l s  
p e r  ml o f  o r i g i n a l  s u s p e n s io n  was c a l c u l a t e d .
— 45 —
W et-W etgh t Y ie ld
A t c o m p le tio n  o f  1 , 5 - l i t r e  f e r m e n ta t io n s  i n  th e  tu b e s  (tw o  l i t r e ) ,  
an  e s t i m a t e  o f  t o t a l  c ro p  f o r  ea ch  y e a s t  s t r a i n  u n d e r  t e s t  was made a s  
f o l l o w s .  The c o n te n t s  o f  e a c h  tu b e  w ere  m ixed t o  r e s u s p e n d  any y e a s t  
a d h e r in g  t o  th e  s i d e  o f  th e  g l a s s  tu b e ,  th e n  t h e  c o n te n t s  w ere  d r a in e d  
o u t  and c e n t r i f u g e d  a t  700 f o r  15 m in in  a  w e ig h ed  c e n t r i f u g e  b o t t l e  
(o n e  l i t r e )  on an MSE M a jo r  c e n t r i f u g e .  The s u p e r n a t a n t  was d e c a n te d  
and  t h e  re m a in d e r  o f  th e  c o n te n t s  from  t h a t  tu b e  was th e n  a d d ed , and 
c e n t r i f u g e d  a s  b e f o r e .  The s u p e r n a ta n t  was d i s c a r d e d  a g a in ,  th e  b o t t l e  
and c e n t r i f u g e d  y e a s t  was w e ig h e d , and  th e  t o t a l  c ro p  from  e a c h  tu b e  
w as d e te rm in e d .
B a c t e r i a l  C e l l  C o u n t
S am ples (o n e  m l) from  th e  1 , 5 - l i t r e  and  2 0 - l i t r e  f e r m e n ta t io n s  w ere 
su s p e n d e d  in  m o lte n  WL N u t r i e n t  a g a r  c o n t a i n in g  a c t i d i o n e  (1 5 -2 0  m g / l i t r e ) .  
A f te r  p o u r in g ,  th e  p l a t e s  w ere  c o o le d  u n t i l  th e  a g a r  had  s e t .  They w ere  
in c u b a te d  a t  25®C f o r  4 8 -7 2  h and exam ined  f o r  b a c t e r i a l  and w ild  y e a s t  
c o l o n i e s .
Y e a s t  S t a b i l i t y
S am ples from  th e  2 0 - l i t r e  f e r m e n ta t io n s  o r  from  t e s t - t u b e  c u l t u r e s  
o f  h y b r id s  w ere  d i l u t e d  and  p l a t e d  ( 0 .1  m l) on WL N u t r i e n t  a g a r  t o  g iv e  
50 t o  100 c o lo n ie s  p e r  p l a t e .  P l a t e s  w ere  exam ined  a f t e r  72 h  i n c u b a t io n  
a t  25®C, and e s t im a te s  w ere  made o f  t h e  s t a b i l i t y  o f  t h e  y e a s t  s t r a i n  from  
th e  p r o p o r t io n  o f  abnorm al y e a s t  c o lo n i e s  p ro d u c e d . I f  l e s s  th a n  15 p e r
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c e n t  abno rm al c o lo n ie s  w ere  a p p a r e n t ,  t h e  y e a s t  was c o n s id e r e d  t o  be  
a c c e p ta b ly  s t a b l e .  P a r e n t  s t r a i n s  u s e d  f o r  h y b r i d i s a t i o n  p ro d u c e  up  to  
15 p e r  c e n t  abno rm al c o lo n i e s  ( s e e  T a b le  1 3 ) ,
T a s t i n g  T r i a l s
The f la v o u r  o f  a  b e e r  p ro d u c e d  u s in g  a  h y b r id  y e a s t  s t r a i n  was 
com pared  w i th  t h a t  o f  a  b e e r  f e rm e n te d  by t h e  a p p r o p r i a t e  c o n t r o l  s t r a i n ,  
n am ely  Y 1 f o r  a l e s ,  Y 140 f o r  l a g e r s ,  A num ber o f  t a s t e r s  (u p  t o  12) 
w ere  r e q u e s te d  e i t h e r  t o  com pare two g l a s s e s  o f  b e e r ,  one  a  t r i a l ,  t h e  
o t h e r  a  c o n t r o l ,  and ra n k  them  a c c o r d in g  t o  p r e f e r e n c e ,  w ith  r e l e v a n t  
com m ents, o r  t o  c a r r y  o u t  a ‘t h r e e - g l a s s  t r i a n g u l a r  t e s t  (B e n g ts s o n , 1953) 
on th e  two b e e r s .  The r e s u l t s  w ere  a n a ly s e d  s t a t i s t i c a l l y ,
HYBRIDISATION PROCEDURES
S p o r u la t io n  T e c h n iq u e
Y e a s ts  w ere s t r e a k e d  on t o  p r e s p o r u l a t i o n  a g a r  p l a t e s ,  in c u b a te d  
a t  20*C f o r  48 h ,  th e n  r e s t r e a k e d  t h i c k l y  from  t h e  p l a t e s  on to  s p o ru ­
l a t i o n  a g a r  s lo p e s ,  and  in c u b a te d  a t  20®C, The s lo p e  c u l t u r e s  w ere 
ex am ined  p e r i o d i c a l l y  f o r  m a tu re  a s c i ,  a f t e r  i n c u b a t io n  f o r  48 h  and up  
t o  168 h  a f t e r  i n o c u l a t i o n .
Some o f  th e  p a r e n t  s t r a i n s  s p o r u l a t e d  p o o r ly  a n d /o r  p ro d u c e d  o n ly  
o n e -  and tw o -sp o re d  a s c i ,  and i t  was d i f f i c u l t  t o  a s s e s s  l e v e l s  o f  s p o ru ­
l a t i o n  i n  t h e s e  s t r a i n s  u s in g  m ic ro s c o p ic  e x a m in a t io n  o f  a  p r e p a re d  
w e t-m o u n t s l i d e .  W ith t h e s e  y e a s t s ,  a  s p o re  s t a i n  was em p loyed . T h is
-  47 -
was a  m o d i f ic a t io n  o f  t h e  m ethod d e v is e d  by S c a e f f e r  and F u l to n  ( 1 9 3 3 ) ,
A s u s p e n s io n  o f  t h e  y e a s t  i n  w a te r  was h e a t - f i x e d  t o  a  m ic ro sc o p e  s l i d e  
and  th e n  f lo o d e d  w ith  M a la c h i te  g re e n  s o l u t i o n  (5% w /v ; H opk in  and  W il l ia m s )  
The l i q u i d  on t h e  s l i d e  was h e a te d  to  s te a m in g  p o i n t  o v e r  a  f la m e  f o r  30 
s e c ,  b u t  was n o t  a llo w e d  t o  d ry  o u t .  The s l i d e  was th e n  w ashed  u n d e r  
r u n n in g  w a te r  f o r  30 s e c ,  and f lo o d e d  w ith  s a f r a n in  s o l u t i o n  (0 .5%  w /v ;
G u rr )  f o r  10 s e c .  The s l i d e  was f i n a l l y  w a te r -w a s h e d , d r i e d  and th e  
p r e p a r a t i o n  was exam ined  u n d e r  a  m ic ro s c o p e , u s in g  an  o i l - im m e r s io n  l e n s .  
S p o re s  s t a i n e d  g re e n  and v e g e t a t i v e  c e l l s  d eep  p in k .
I s o l a t i o n  o f  P o t e n t i a l  M a tin g  S t r a i n s  from  A sc i
T h re e  d i f f e r e n t  t e c h n iq u e s  w ere u se d  t o  s p l i t  open  a s c i  and s e p a r a te  
s p o r e s  from  one  a n o th e r .  The f i r s t  tw o a r e  'm a ss  i s o l a t i o n  m ethods* 
(L in d e g re n  and L in d e g re n , 19 4 3 a ) ,
1 . B ro th  and p l a t i n g  te c h n iq u e
L iq u id  medium (MYGP; 10 m l) was ad d ed  t o  th e  o rg a n ism s  ( a s c i  and 
v e g e t a t i v e  c e l l s )  on s p o r u l a t i o n  a g a r  s l o p e s .  The c e l l s  w ere  w ashed  o f f  
i n t o  t h e  l i q u i d ,  and th e  b r o th  c u l t u r e s  in c u b a te d  f o r  18 h a t  25®C,
S u i t a b l e  d i l u t i o n s  w ere  p r e p a r e d  in  s t e r i l e  q u a r t e r - s t r e n g t h  R i n g e r 's  
s o l u t i o n  ( c o n t a in i n g  p e r  l i t r e ;  2 ,2 5  g  N aC l, 0 ,1 0 6  g  K C l, 0 ,1 2  g  CaClg.ZH^O 
and  0 .0 5  g  NaHCO^; pH 7 ,0 ;  D a v is , 1956) t o  w hich  o n e  p e r  c e n t  Tween 80 
(H o p k in  an d  W il l ia m s , C h ad w ell H e a th )  had  b een  a d d e d . T he d i l u t i o n s  
w ere  m ixed  th o ro u g i i ly ,  and  p o r t i o n s  (0 .1  m l) w ere p l a t e d  o u t  on WLN a g a r  
p l a t e s ,  and in c u b a te d  a t  25®C f o r  72 h .
S m a ll  c o lo n i e s  and th o s e  o f  u n u s u a l c o l o n i a l  m orphology  o r  c o lo u r  
w ere  p ic k e d  o f f ,  and s t r e a k e d  on t o  s p o r u l a t i o n  a g a r  p l a t e s .  S am ples o f
-  48  -
t h e  p a r e n t  s t r a i n s  w ere a l s o  s t r e a k e d  from  72 h  p l a t e  c u l t u r e s  on WLN a g a r ,  
on  t o  s p o r u l a t i o n  a g a r  p l a t e s  from  th e  sam e b a tc h  o f  m edium . A l l  o f  t h e  
p l a t e s  w e re  in c u b a te d  a t  20®C. The c u l t u r e  o f  e a c h  p a r e n t  s t r a i n  was 
ex am in ed  f o r  s p o r u l a t i o n  a f t e r  48 h  and e v e ry  f u r t h e r  24 h  up  t o  168 h .
W hai t h e  p a r e n t  s t r a i n  was s p o r u l a t i n g ,  th e  c u l t u r e s  d e r iv e d  from  th e  
s m a l l  and u n u s u a l  c o lo n ie s  o f  t h e  sam e y e a s t  w ere ex am in ed . I f  t h e s e  
c u l t u r e s  w ere  n o t  c a p a b le  o f  s p o r u l a t i o n  a f t e r  168 h  i n c u b a t io n ,  th e y  w ere 
c o n s id e r e d  t o  b e  p o t e n t i a l  m a t in g  s t r a i n s ,  and w ere  i n o c u la te d  on to  MYGP 
a g a r  s l o p e s ,  in c u b a te d  a t  25®C f o r  72 h  and s to r e d  a t  4®C.
2 .  Enzym ic and p l a t i n g  te c h n iq u e
T he m ix tu re  o f  a s c i  and v e g e t a t i v e  c e l l s  on s p o r u l a t i o n  a g a r  was
s u s p e n d e d  in  q u a r t e r - s t r e n g t h  R i n g e r 's  s o l u t i o n  (1  m l) t o  g iv e  a  c o n c e n -  
7 8t r a t i o n  o f  10 t o  10 o rg a n is m s /m l .  A co m m erc ia l s o l u t i o n  o f  h e l i c a s e  
( 0 .0 1  m l;  M ic ro b io ,  London) w hich  i s  a  m ix tu re  o f  enzym es (H o lden  and 
T r a c e y ,  1 9 5 0 ) , was added  t o  e a c h  s u s p e n s io n  and t h e  s u s p e n s io n s  w ere  
in c u b a te d  a t  20®C f o r  18 h .  The s u s p e n s io n s  w ere  th e n  d i l u t e d  i n  
q u a r t e r - s t r e n g t h  R i n g e r 's  s o l u t i o n  c o n ta i n in g  Tween 80 (1% w /v ) and w ere 
p l a t e d  a s  d e s c r ib e d  above (p  47 ) .  S m a ll c o lo n i e s  w ere  s e l e c t e d  and 
ex am in ed  f o r  s p o r u l a t i n g  a b i l i t y .
P o t e n t i a l  m a t in g  s t r a i n s  w ere  a g a in  i n o c u l a te d  on to  MYGP a g a r  s lo p e s ,  
grown up  a t  25*C f o r  72 h ,  and s to r e d  a t  4®C.
3 .  M ic ro ra a n ip u la tio n  te c h n iq u e
T h is  m ethod was u se d  o n ly  f o r  s t r a i n s  o f  y e a s t s  w h ich  s p o r u l a t e d  
p o o r ly  a n d /o r  p ro d u c e d  o n ly  s t e r i l e  m a tin g  s t r a i n s  by t h e  o t h e r  t e c h n i q u e s .
-  49 -
P r e p a r a t i o n  o f  y e a s t s  f o r  m ic r o m a n ip u la t io n : S t r a i n s  Y 9 , Y 11 , Y 4 1 ,
Y 93 and Y 140 w ere  in d u c e d  t o  s p o r u l a t e  a f t e r  168 h  i n c u b a t io n  on s p o ru ­
l a t i o n  a g a r .  From each  s p o r u l a t i n g  c u l t u r e ,  a  s u s p e n s io n  o f  c e l l s
7
I n c lu d in g  a s c i  was p r e p a re d  in  q u a r t e r - s t r e n g t h  R i n g e r 's  s o l u t i o n  (10  t o
o
10 c e l l s / m l ) ,  H e l ic a s e  s o l u t i o n  (0 .0 1  m l) was added  to  t h e  s u s p e n s io n s ,  
w h ich  w ere th e n  in c u b a te d  f o r  18 h  a t  20®C.
P r e p a r a t i o n  o f  a g a r  f i l m ; The te c h n iq u e  u s e d  was t h a t  u s e d  by
F o w e ll  ( 1 9 6 9 ) .  A r e c t a n g u l a r  g l a s s  c o v e r s l i p  (2 2  mm x  33 mm; 0 ,2  mm
t h i c k )  was d ip p e d  i n  m e th a n o l, f la m ed  and  p la c e d  on a  h o t  p l a t e  a t  50*C. 
Two s t r i p s  o f  g l a s s  ( c a  5 mm x  22 mm) w ere c u t  from  a  f u r t h e r  c o v e r s l i p ,  
and w e re  flam ed  and p la c e d  a lo n g  t h e  s h o r t  e d g ss  o f  t h e  one on th e  h o t  
p l a t e .  A se co n d  c o v e r s l i p  (2 2  mm x  32 mm) was s t e r i l i s e d  by f la m in g  and 
p la c e d  on to p  o f  t h e  s t r i p s ,  s o  t h a t  t h i s  o v e r la p p e d  t h e  lo w e r  one by 
a b o u t  t h r e e  mm a lo n g  one lo n g  e d g e . M o lten  MYGP a g a r ,  a t  jca  50®C, was 
in t r o d u c e d  a t  t h e  o t h e r  lo n g  edge  u s in g  a  s t e r i l e  P a s te u r  p i p e t t e .  The 
two c o v e r s l i p s  w ere th e n  l i f t e d  o f f  th e  h o t  p l a t e  w ith  s t e r i l e  f o r c e p s  
and p la c e d  in  a  s t e r i l e  p e t r i  d i s h  to  c o o l .  When c o o l ,  t h e  to p  c o v e r ­
s l i p  and s id e  s t r i p s  o f  g l a s s  w ere  c a r e f u l l y  rem oved u s in g  f o r c e p s  and 
a  s c a l p e l ,  s t e r i l i s e d  by d ip p in g  in  m e th a n o l and th e n  f la m in g .  T he 
s t e r i l e  a g a r  f i lm  ( c a  0 ,2  mm t h i c k )  w as k e p t  i n  t h e  p e t r i  d i s h  u n t i l  
r e q u i r e d .
P r e p a r a t i o n  o f  th e  m o is t  ch a m b e r: The m o is t  cham ber was p r e p a re d  a s
d e s c r ib e d  by F o w e ll (1 9 6 9 ) ;  an  a d ^ t a t i o n  o f  h i s  d iag ra m  i s  shown i n  
F ig u r e  1 ,  N a i l  v a r n i s h  (B o o ts  P u re  D rug  C o . ,  N o ttin g h a m ) was u s e d  to  







































T he p r e p a r e d  c o v e r s l i p ,  a g a r  f i l m  downvrards^and a  se c o n d  s t e r i l e  c o v e r ­
s l i p  w ere  a l s o  s e c u re d  t o  t h e  to p  s u r f a c e  o f  t h e  m e ta l  s t r i p  u s in g  v a r n i s h ,  
a s  shown ( F ig u r e  1 )*  A pad  o f  f i l t e r  p a p e r ,  m o is te n e d  w ith  s t e r i l e  w a te r ,  
was p la c e d  in  t h e  cham ber t o  k eep  th e  a i r  m o is t  a ro u n d  t h e  a g a r  f i lm  d u r in g  
m ic r o m a n ip u la t io n . The e n z y m e - t r e a te d  m ix tu re  o f  a s c i  and v e g e t a t i v e  
c e l l s  was s t r e a k e d  on t o  th e  edge o f  t h e  a g a r  f i l m ,  an d  in k  d o t s ,  i n  row s 
o f  f o u r ,  w ere  m arked on t h e  u p p e r  s u r f a c e  o f  t h e  c o v e r s l i p ,  a s  shown in  
F ig u r e  1 ,
M ic ro m a n ip u la t io n : R u p tu re  o f  s e l e c t e d  a s c i  was c a r r i e d  o u t  i n  th e
m o is t  cham ber u s in g  a  m ic r o n e e d le ,  (en d  d ia m e te r ,  30 t o  100 pim), a t t a c h e d  
t o  a  D eFonbrune p n e u m a tic  m ic r o m a n ip u la to r ,  com bined  w ith  a  m ic ro sc o p e  
w h ich  had  a  f i x e d  s l i d e  s t a g e  and  a  m oving o b j e c t i v e  h e a d . The n e e d le  
was c a r e f u l l y  in t r o d u c e d  i n t o  t h e  m o is t  cham ber w h ich  was on  t h e  m ic ro ­
sc o p e  s l i d e  s t a g e .  I t s  l e v e l  and p o s i t i o n  w ere a d ju s t e d ,  w a tc h in g  t h e  
p r o g r e s s  u n d e r  t h e  m ic ro s c o p e , u n t i l  t h e  t i p  was j u s t  to u c h in g  th e  s u r f a c e  
o f  t h e  a g a r  f i l m ,  n e a r  t h e  sm ear o f  a s c i  and v e g e t a t i v e  c e l l s .  E ach  
a s c u s  was s e l e c t e d  from  t h e  m ix tu r e ,  to u c h e d  w ith  th e  t i p  o f  t h e  n e e d le ,  
and  p u l l e d  away from  th e  sm ear a lo n g  t h e  s u r f a c e  o f  th e  a g a r  f i lm  t o  t h e  
f i r s t  row  o f  in k  d o t s  m arked on th e  c o v e r s l i p .  C lo s e  t o  th e  n e a r e s t  d o t  
i n  t h a t  row , t h e  a s c u s  was g e n t ly  r o l l e d  a b o u t on  t h e  a g a r  u n t i l  i t  had 
r u p tu r e d .  T he s p o re s  w ere  s e p a r a te d  and e a c h  o n e  was p la c e d  by  one  in k  
d o t  i n  th e  row  o f  f o u r .  When t h e  com ponent s p o r e s  o f  a  tw o -s p o re d  a sc u s  
c o u ld  n o t  be  s e p a r a t e d ,  th e  c o m p le te  a sc u s  was t r a n s f e r r e d  t o  a  m arked 
p o s i t i o n .  The low  v i a b i l i t y  o f  s p o re s  i n  p o o r ly  s p o r u l a t i n g  s t r a i n s  c o u ld  
mean t h a t  o n ly  one  o f  th e  s p o r e s  w ould  g e rm in a te .  A n o te  was k e p t  o f  th e
o r i g i n  o f  e a c h  i s o l a t e  a t  e a c h  in k  d o t .
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I s o l a t i o n  o f  c u l t u r e s  d e r iv e d  from  s p o re s  and a s c i ; A f te r  m icrom an- 
I p u l a t l o n ,  th e  c o v e r s l i p ,  w ith  th e  a g a r  f i lm  on i t ,  was c a r e f u l l y  re n o v e d  
from  th e  m o is t  cham ber and s e c u r e d ,  a g a r  f i l m  u p w a rd s , to  t h e  i n s i d e  o f  
t h e  l i d  o f  a  s t e r i l e  p e t r i  d i s h ,  u s in g  v a r n i s h .  F i l t e r  p a p e r ,  m o is te n e d  
w i th  s t e r i l e  w a te r ,  was p la c e d  in  th e  b a s e  o f  th e  d i s h ,  t o  p r e v e n t  d e s i c ­
c a t i o n  o f  th e  a g a r  f i l m ,  and t h e  w ho le  d i s h  was in c u b a te d  o v e r n ig h t  a t  
20®C. The a g a r  f i lm  was th e n  c u t ,  w ith  a  s t e r i l i s e d  s c a l p e l ,  i n t o  s m a ll  
s q u a r e s ,  e a c h  w ith  a  s i n g l e  g e rm in a te d  s p o re  o r  a s c u s  on i t .  E ach  s q u a re  
o f  a g a r  was i n o c u la te d  i n t o  a  t e s t - t u b e  (16  mm x  150 mm) o f  s t e r i l e  a l e  
w o r t  (1 0  m l; s p .  g r .  1 .0 4 0 ) .  S p o re s  w h ich  had  ^ p a r e n t l y  n o t  g e rm in a te d  
w e re  a l s o  i n o c u la te d  i n t o  tu b e s  o f  s t e r i l e  w o r t .  The w o r t  c u l t u r e s  w ere 
in c u b a te d  s t a t i c a l l y  a t  25-28®C f o r  4 8 -7 2  h  u n t i l  g row th  was e v i d e n t .  
P o r t i o n s  (0 .1  m l) o f  s u i t a b l e  d i l u t i o n s  o f  th e  c u l t u r e s  w ere  th e n  p l a t e d  
o u t  t o  g iv e  50 t o  100 o rg an ism s  p e r  p l a t e .  The p l a t e s  w ere  in c u b a te d  a t  
25—28°C f o r  72 h and t y p i c a l  c o lo n ie s  w ere  s e l e c t e d  from  each  p l a t e  a s  
p o t e n t i a l  m a tin g  s t r a i n s .  T h ese  w ere  s t r e a k e d  on t o  MYGP a g a r  s l o p e s ,  
in c u b a te d  a t  25®C f o r  72 h , and  s t o r e d  a t  4®C. A ll  c u l t u r e s  w ere  a l s o  
c h e c k e d  f o r  s p o r u l a t i n g  a b i l i t y .
D e te rm in a t io n  o f  M a tin g  A b i l i t y
A l l  o f  th e  c u l t u r e s  w h ich  had  been  i s o l a t e d  a s  p o t e n t i a l  m a tin g  
s t r a i n s  w ere  exam ined  f o r  m a tin g  t y p e .  R e fe re n c e  s t r a i n s  ST^ and 8Ta 
w ere  s t r e a k e d  on to  a  WLN a g a r  p l a t e  ( s e e  F ig u r e  2 ,  to p )  and e a c h  s t r a i n  
u n d e r  t e s t  was p o in t  i n o c u la te d  on t o  t h e  two s t r e a k s .  The p l a t e s  w ere  
th e n  in c u b a te d  a t  2 5 f o r  4 8 -7 2  h .  M a tin g  o f  t h e  s t r a i n  o f  unknown 
m a tin g  ty p e  w ith  STa a n d /o r  STa was c o n f irm e d  a f t e r  t h i s  t im e ,  e i t h e r
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FIGURE 2
SCHEMATIC REPRESENTATIONS OF PLATES USED FOR MATINGS
1 , ARRANGE?,TENT OF COLONIES ON PLATES TO DETERMINE MATING TYPES OF
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i n d ic a t e s  t h a t  th e  c u l t u r e s  a r e  s t r e a k e d  on th e  a g a r  
i n d i c a t e s  t h a t  th e  c u l t u r e  i s  p o in t  in o c u la te d  on to  th e  s t r e a k
u. —
m ic r o s c o p ic a l ly  by lo o k in g  f o r  z y g o te  f o r m a t io n ,  o r  by t e s t i n g  f o r  s p o ru ­
l a t i n g  a b i l i t y  a f t e r  m a t in g , A s p o r u l a t i n g  p ro d u c t  o f  a  c r o s s  be tw een  a  
n o n - s p o r u l a t i n g  i s o l a t e  and a  s ta n d a r d  s t r a i n  w ould i n d i c a t e  t h a t  t h e  two 
h ad  m ated  s u c c e s s f u l l y .  T h e r e f o r e  a l l  m a tin g  s t r a i n s  w ere  d e s ig n a te d  
S*  — o r  i n  m a tin g  t y p e .  S t r a i n s  w h ich  w ould n o t  m ate  w ith  e i t h e r  
STa o r  STa w ere  c o n s id e r e d  t o  be  s t e r i l e .
H y b r id i s a t i o n
S ix  d i f f e r e n t  m a tin g  s t r a i n s  o f  t h e  same m a tin g  ty p e  o r  o f  th e  
com bined  m a tin g  ty p e  w ere  s t r e a k e d  on to  a  WLN a g a r  p l a t e .  Each o f  s i x  
m a tin g  s t r a i n s  o f  t h e  o p p o s i t e  o r  com bined  m a tin g  ty p e  w ere  p o i n t - i n o c u l a t e d  
on  t o  ea ch  o f  t h e  s i x  o r i g i n a l  s t r e a k s ,  t o  g iv e  a  t o t a l  o f  36 p o s s i b l e  
m a t in g  z o n es  on e a c h  p l a t e  ( F ig u r e  2 ,  b o t to m ) .  T he p l a t e s  w e re  in c u b a te d  
f o r  72  h a t  25®C and th e n  exam ined  f o r  p o s i t i v e  m a t in g , a g a in  e i t h e r  by 
m ic ro s c o p ic  e x a m in a t io n  o r  by t e s t i n g  th e  y e a s t s  from  th e  m a tin g  z o n e s  f o r  
s p o r u l a t i n g  a b i l i t y .
N ot a l l  o f  t h e  m a tin g  s t r a i n s  i s o l a t e d  and u se d  t o  p r e p a r e  h y b r id  
y e a s t s  w ere n o n - s p o r u l a t i n g ,  n o r  w ere  th e y  a l l  d e r iv e d  from  s p o re  i s o l a t e s .  
I t  w as fo und  t h a t  some o f  t h e  p o o r ly  s p o r u l a t i n g  p a r e n t  s t r a i n s  o f  y e a s t  
w ere  th e m s e lv e s  a b le  t o  m ate  w ith  o n e  o r  o t h e r  o f  th e  s ta n d a r d  s t r a i n s  
STa and S T a , and w ith  s e l e c t e d  m a tin g  s t r a i n s  d e r iv e d  from  th e  p a r e n t  
s t r a i n s .  M a tin g  was a s s e s s e d  by z y g o te  f o rm a t io n ,  and a  m arked im prove­
m ent i n  th e  a b i l i t y  t o  s p o r u l a t e  a f t e r  h y b r i d i s a t i o n .  In  a d d i t i o n ,  some 
o f  t h e  m a t in g  s t r a i n s  i s o l a t e d  by m icro m a n ip u l a t i o n  w ere  c a p a b le  o f  
s p o r u l a t i n g ,  and when c r o s s e s  w ere a t te m p te d  w ith  t h e s e  y e a s t s ,  m a tin g
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c o u ld  o n ly  be  c o n firm e d  by z y g o te  f o r m a t io n  o r  a  l a r g e  im provem ent in  
s p o r u l a t i n g  a b i l i t y  o f  t h e  'h y b r id * ,  com pared  w i th  t h a t  o f  i t s  p a r e n t  
s t r a i n .
I s o l a t i o n  o f  H y b rid  S t r a i n s
When m a tin g  be tw een  two s t r a i n s  had  b e e n  c o n f i rm e d , a  sam p le  was 
ta k e n  a s e p t i c a l l y  from  t h e  a p p r o p r i a t e  zo n e  on th e  p l a t e .  I n  t h e  e a r l y  
s t a g e s  o f  th e  h y b r id i s a t i o n  program m e, i t  was i n o c u la te d  i n t o  a  t e s t - t u b e  
(1 6  mm X 150 ram) o f  s t e r i l e  a l e  w o r t  (10  m l; s p .  g r .  1 .0 4 0 )  in c u b a te d  a t  
25®C, s u b c u l tu r e d  on t h r e e  c o n s e c u t iv e  d a y s  i n t o  f r e s h  p o r t i o n s  o f  w o r t  
(10  m l; s p ,  g r .  1 .0 4 0 )  and in c u b a te d  a t  25°C in  b e tw een  s u b c u l t u r e s .
T h is  was an a d a p ta t i o n  o f  th e  m ethod o f  F o w e ll  ( 1 9 6 9 ) .  E ach  h y b r id  was 
t h « i  s t r e a k e d  on t o  a  WLN a g a r  p l a t e ,  in c u b a te d  f o r  72 h  a t  25®C and  
e x am in ed . I f  t h e  c u l t u r e  was r e l a t i v e l y  p u r e ,  a  t y p i c a l  c o lo n y  was 
p ic k e d  o f f  and in o c u la te d  on t o  a n  MYGP a g a r  s lo p e ;  i f  t h i s  p l a t e  c u l t u r e  
a p p e a re d  t o  c o n s i s t  o f  a  number o f  s t r a i n s ,  a  s e r i e s  o f  s u b c u l t u r e s  on 
WIjN a g a r  p l a t e s ,  in c u b a t in g  a t  25®C f o r  4 8 -7 2  h  be tw een  s u b c u l t u r e s  
was u se d  to  i s o l a t e  and s e l e c t  th e  f a s t e s t  g ro w in g  h y b r id .  L a t e r  i n  
t h e  h y b r i d i s a t i o n  program m e, s u b c u l t u r e s  on WLN a g a r  p l a t e s ,  in c u b a t in g  
a s  b e f o r e ,  w ere  a d o p te d  a s  th e  m ethod to  i s o l a t e  t h e  h y b r id  s t r a i n .  T h is  
t e c h n iq u e  a l s o  gav e  an i n d i c a t i o n  o f  t h e  g e n e t i c  s t a b i l i t y  o f  t h e  new 
h y b r id .
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OTHER OBSERVATIONS MADE ON SELECTED YEAST STHAINS
D e te rm in a t io n  o f  S p e c i f i c  G row th R a te
P r e p a r a t i o n  o f  in o c u la
Y e a s t  s t r a i n s  t o  be  exam ined  w ere  i n o c u la te d  i n t o  s t e r i l e  a l e  w o r t  
(1 0  m l; s p .  g r .  1 .0 4 0 )  in  M acC artney  b o t t l e s  (30  m l) and th e  c u l t u r e s  
in c u b a te d  s t a t i c a l l y  a t  25®C f o r  24 h ,  and th e n  m ixed th o ro u g h ly .  S t r a i n  
Y 1 was a lw ays u s e d  a s  a  c o n t r o l  y e a s t .  A p o r t i o n  ( 0 .1  m l) from  ea ch  
c u l t u r e  was i n o c u la te d  i n to  a n o th e r  b o t t l e  o f  w o r t  (10  m l; s p .  g r .  1 .0 4 0 )  
from  t h e  same b a tc h ,  and In c u b a te d  s t a t i c a l l y  a t  25®C o v e r n ig h t .  The 
c u l t u r e s  w ere  th e n  c e n t r i f u g e d  on a  BTL ben ch  c e n t r i f u g e  (3200  j j )  and 
th e  s u p e r n a ta n t s  d i s c a r d e d .  The y e a s t  s e d im e n ts  w ere  re s u s p e n d e d  in  
s t e r i l e  p h o s p h a te  b u f f e r  ( S o r e n s o n 's ,  0 .0 6 7  M -p o ta ssiu m  d ih y d ro g e n  
o r th o p h o s p h a te  s o l u t i o n  and  0 .0 6 7  M -d isod ium  h y d ro g en  o r th o p h o s p h a te  
s o l u t i o n ;  01 5 .0 )  and  th e  a b so rb a n c y  r e a d in g s  o f  e a c h  s u s p e n s io n  w ere  
a d ju s t e d  t o  0 .1  m easu red  on an EEL c o lo r im e te r  u s i n g  a  n e u t r a l  d e n s i t y  
f i l t e r .  T h is  c o r re s p o n d s  t o  a  c e l l  c o u n t o f  one t o  t h r e e  m i l l i o n  c e l l s  
p e r  m l.
D e te rm in a t io n  o f  g row th  r a t e s
A p o r t i o n  ( 0 .1  m l) o f  ea ch  y e a s t  s u s p e n s io n  w as t r a n s f e r r e d  t o  th e  
a p p a r a tu s  shown i n  F ig u re  3 ,  c o n ta in in g  a l e  w o rt (10  m l; s p .  g r .  1 .0 4 0 )  
t h a t  h ad  been  s t e r i l i s e d  by f i l t r a t i o n  th ro u g h  a  c e l l u l o s e  a c e t a t e  mem­
b ra n e  f i l t e r  (47  mm d ia m e te r ;  p o re  s i z e ,  0 .2 2  jxm; M i l l i p o r e ) . T r i p l i c a t e  
f l a s k s  w ere s e t  up  f o r  ea ch  y e a s t  s t r a i n  u n d e r  t e s t ,  and  w ere in c u b a te d  a t  
25®C on an  o r b i t a l  in c u b a to r ,  s h a k in g  a t  150 r e v /m in ,  w i th  s t r o k e  le n g th
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3 .5  cm . A f te r  16 h i n c u b a t io n ,  a b s o rb a n c y  r e a d in g s  w e re  ta k e n  e v e ry  30 
m in , by  i n v e r t i n g  t h e  f l a s k  and  i n s e r t i n g  t h e  tu b e  s e c t i o n  i n t o  t h e  tu b e  
h o l d e r  o f  an EEL c o lo r i m e te r .  A c o n t r o l  f l a s k ,  c o n t a i n in g  u n in o c u la te d  
a l e  w o r t  from  th e  sam e b a tc h  was u s e d  a s  a  b l a n k .  E v e ry  s e t  o f  t h r e e  
a b s o rb a n c y  r e a d in g s  a t  one p a r t i c u l a r  t im e  was a v e ra g e d , and  t h e  a v e ra g e s  
w e re  p l o t t e d  a g a i n s t  t im e  on  s e m i- lo g a r i th m ic  g ra p h  p a p e r ,  w i th  t h e  
a b s o rb a n c ie s  on t h e  lo g a r i th m ic  a x i s .
The s p e c i f i c  g row th  r a t e  (ft)  f o r  e a c h  s t r a i n  o f  y e a s t  was d e te rm in e d  
fro m  t h e  s lo p e  o f  t h e  p l o t  u s in g  t h e  f o rm u la ;
ft =
lo g ^  (x^  -  x )  
*1 - 1
w h e re  x  i s  th e  a b s o rb a n c e  a t  t im e  t ,  and x^ t h a t  a t  t im e  t ^ .  An exam ple  
o f  t h e  p l o t  c a n  be  s e e n  in  F ig u r e  15 ( p l O ^ .  An e s t i m a t e  o f  t h e  d u r a t io n  
o f  t h e  l a g  p h a se  i n  a  c u l t u r e ,  com pared  w i th  t h a t  o f  t h e  c o n t r o l  s t r a i n  
Y 1 ,  c o u ld  be made from  a  l i n e a r  p l o t  o f  t h e  r e s u l t s ;  f o r  an exam ple s e e  
F ig u r e  16 (p  1 0 8 ) .  An a r b i t r a r y  l e v e l  was ta k e n ,  a t  an EEL r e a d in g  o f  
0 . 1 ,  be low  w hich  t h e  y e a s t s  w ere c o n s id e r e d  t o  be  in  t h e  l a g  p h a se  o f  
g ro w th . Then th e  t im e  a f t e r  i n o c u l a t i o n ,  a t  w h ich  e a c h  p l o t t e d  l i n e  
c r o s s e s  t h a t  l e v e l ,  g iv e s  an e s t im a te  o f  le n g th  o f  l a g  p h a s e  com pared  
w i th  t h a t  o f  t h e  c o n t r o l  y e a s t  Y 1 .
D e te rm in a t io n  o f  F e rm e n ta t io n  R a te
I n  ea ch  e x p e r im e n t ,  up  t o  s i x  s t r a i n s  o f  y e a s t  w ere  t e s t e d  f o r  r a t e  
o f  f e r m e n ta t io n  o f  a  s u b s t r a t e ,  u s in g  a  G i ls o n  D i f f e r e n t i a l  R e s p iro m e te r .
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P r e p a r a t i o n  o f  y e a s t  s u s p e n s io n s
The s e l e c t e d  s t r a i n s  w ere  e a ch  in o c u l a te d  i n to  a  t e s t - t u b e  (16  mm 
X 150 mm), c o n ta in in g *  a l e  w o r t  (15  m l; s p .  g r .  1 .0 4 0 )  t h a t  had  he&i f i l t e r e d  
th ro u g h  a  s t e r i l e  c e l l u l o s e  a c e t a t e  membrane f i l t e r  (47 mm d ia m e te r ;  p o re  
s i z e  0 .2 2  (Am; M i l l i p o r e ) ,  and  th e  tu b e s  w ere  in c u b a te d  s t a t i c a l l y  a t  25*C 
o v e r n i g h t .  T h ese  c u l t u r e s  w ere m ixed th o r o u g h ly ,  p o r t i o n s  (2  x  0 ,0 5  m l,
2 X 0 .1  ml and 2 x  0 .2 5  m l) o f  e a c h  w ere i n o c u la te d  i n t o  t e s t - t u b e s  o f  
s t e r i l e  f i l t e r e d  w o r t  (6  x  15 m l; s p .  g r ,  1 .0 4 0 ) ,  from  t h e  same b a tc h ,  
and  t h e  r e p l i c a t e  tu b e s  o f  e a c h  y e a s t  s t r a i n  w ere  in c u b a te d  a s  b e f o r e .
T he a b s o rb a n c ie s  o f  t h e  c u l t u r e s  w ere  m easu red  on an EEL c o lo r i m e te r ,  and 
two c u l t u r e s  o f  e a ch  y e a s t  w ere  s e l e c t e d  w h ich  h ad  an a b so rb a n c y  r e a d in g  
o f  1 ,0  u n i t s  i  0 .1 5  u n i t s .  O ver t h i s  r a n g e  o f  a b s o rb a n c y , t h e  c u l t u r e s  
w ere  e s t im a te d  t o  b e  i n  t h e  lo g a r i th m ic  p h a s e  o f  grow th  ( s e e  F ig u r e  15 , 
p 1 0 6 ) , The s e l e c t e d  c u l t u r e s  w ere  t r a n s f e r r e d  a s e p t i c a l l y  t o  s t e r i l e
c e n t r i f u g e  tu b e s  (30  ml c a p a c i t y ) ,  t h e  two c u l t u r e s  o f  e a c h  s t r a i n  b e in g  
m ix e d . The com bined  c u l t u r e  was c e n t r i f u g e d  a t  3200 ^  f o r  15 m in on a 
BTL b e n c h  c e n t r i f u g e .  The s u p e r n a t a n t s  w ere  d i s c a r d e d ,  and th e  s e d im e n te d  
y e a s t s  w ere  re s u s p e n d e d  i n  S o re n s o n ’ s  p h o s p h a te  b u f f e r  ipB. 5 .0 ;  0 .0 6 7  
M -p o ta ss iu m  d ih y d ro g e n  o r th o p h o s p h a te  and 0 .0 6 7  jiî-d iso d iu ra  h y d ro g en  o r th o ­
p h o s p h a te  s o l u t i o n s ) ,  t o  g iv e  an EEL r e a d i n g  o f  1 ,0  w hich  i s  e q u iv a l e n t  
t o  a  c o u n t o f  be tw een  10 and  25 m i l l i o n  c e l l s  p e r  m l, d e p e n d in g  on th e  
y e a s t  s t r a i n  u s e d .
D ry w e ig h t  d e te r m in a t io n s
P o r t i o n s  (2  x  10 m l) o f  e a c h  y e a s t  s u s p e n s io n  w ere  f i l t e r e d  th ro u g h
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w eig h ed  c e l l u l o s e  a c e t a t e  membrane f i l t e r s  (47  mm d ia m e te r ;  p o re  s i z e  
0 .4 5  pm; M i l l i p o r e )  t h a t  had  been  d r i e d  t o  c o n s t a n t  w e ig h t  (40*C o v e r n i g h t ) .  
A f t e r  w a s h in g  t h e  y e a s t s  on t h e  membrane f i l t e r s  w ith  g l a s s - d i s t i l l e d  w a te r ,  
and  f i l t e r i n g  th e  w a s h in g s , t h e  m em branes w ere  d r i e d  o v e r n ig h t  a t  40*C, 
c o o le d  to  room te m p e ra tu re  i n  a  d e s i c c a t o r ,  and re w e ig h e d . The mean d ry  
w e ig h t  ( p e r  m l) ,  o f  e a ch  y e a s t  s u s p e n s io n  was c a l c u l a t e d  from  t h e  d u p l i c a t e  
e s t i m a t i o n s .
P r e p a r a t i o n  o f  r e s p i r o m e te r  f l a s k s
The r e s p i r o m e te r  f l a s k s  (18  ml c a p a c i t y ) ,  e a c h  w ith  a  s i n g l e  s id e -a rm  
and  a  g ^ a s-v e n tin g  s t o p p e r ,  w ere  c a r e f u l l y  c le a n e d  and d r i e d .  S u b s t r a t e  
s o l u t i o n s  added  t o  t h e  f l a s k s  w ere a lw a y s  a t  1 ,5  t im e s  th e  c o n c e n t r a t io n  
r e q u i r e d  in  t h e  e x p e r im e n t ,  b e c a u s e  a d d i t io n  o f  t h e  y e a s t  s u s p e n s io n  
r e s t o r e s  t h a t  c o n c e n t r a t i o n .  T h e se  s u b s t r a t e s  w ere  a l e  w o r t  ( s p ,  g r .  
1 ,0 6 0 ) ,  g lu c o s e  (6% w /v ) ,  m a l to s e  (6% w /v ) o r  m a l t o t r i o s e  (1 ,5%  w /v ; s e e
p  6 8 ) .
Two r e s p i r o m e te r  f l a s k s  w ere  s e t  up f o r  each  y e a s t  s t r a i n  u n d e r  t e s t ,  
w i th  y e a s t  s u s p e n s io n  (1 m l) added  t o  th e  s id e - a rm  o f  b o th  f l a s k s ,  and 
p h o s p h a te  b u f f e r  (2  m l; S o re n s o n ’ s ;  pH 5 ,0 )  added  to  t h e  m ain com partm en t 
o f  one  ( t h e  y e a s t  c o n t r o l  f l a s k ) ,  and t h e  a p p r o p r i a t e  s u b s t r a t e  s o l u t i o n  
(2  m l) t o  t h e  m ain co m p artm en t o f  th e  o t h e r  ( th e  y e a s t  t e s t  f l a s k ) .  A 
s u b s t r a t e  c o n t r o l  f l a s k  was a l s o  p r e p a r e d ,  w ith  p h o s p h a te  b u f f e r  s o lu t i o n  
(1  m l) i n  t h e  s id e - a rm  and t h e  s u b s t r a t e  s o l u t i o n  (2  m l) i n  t h e  m ain f l a s k .
T he th e rm o b a ro m e te r  f l a s k  (2 5 0  ml c a p a c i ty )  o f  t h e  r e s p i r o m e te r  was 
rem o v ed , and  a  volum e o f  d i s t i l l e d  w a te r  was added  e q u a l  t o  th e  t o t a l  
vo lum e o f  l i q u i d  in  a l l  o f  th e  t e s t  f l a s k s .  T h u s , i f  s i x  y e a s t s  w ere
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b e in g  t e s t e d ,  th e  volum e to  add  w i l l  b e ( ( 6 x 2 ) + l ) x 3 ,  t h a t  i s ,  39 
m l. I t  was th e n  r e p la c e d  on th e  r e s p i r o m e te r ,  w i th  i t s  s id e -a rm  s to p p e r  
i n  t h e  v e n t i n g  p o s i t i o n .
T he n eck s  and s id e - a rm  s to p p e r s  o f  a l l  o f  th e  r e s p i r o m e te r  f l a s k s  
w e re  l i g h t l y  g re a s e d  ( V a s e l in e )  and th e  a p p a ra tu s  was a sse m b le d  w i th  th e  
s id e - a r m  v e n ts  o p e n . The c o m p le te  a p p a r a tu s  was th e n  g a s se d  o u t  w ith  
o x y g e n - f r e e  n i t r o g e n  ( A i r  P r o d u c t s ) ,  f o r  c a  30 m in , w i th  a l l  o f  th e  f l a s k s  
subm erged  and s h a k in g  in  th e  w a te r  b a th  ( c a  60 s t r o k e s  p e r  m in ; s t r o k e  
l e n g t h ,  3 .0  cm) a t  21 ®C o r  25®C, and w i th  t h e  v a lv e s  t o  t h e  m anom eters 
c l o s e d .  The gas  f lo w  was s to p p e d , th e  m a n ifo ld  v a lv e  and  s id e - a rm  s to p ­
p e r s  w ere  tu rn e d  to  t h e  c lo s e d  p o s i t i o n ,  and  th e  f l a s k s  w ere sh a k e n  f o r  a  
f u r t h e r  10 -1 5  m in . Then t h e  c o n te n t s  o f  th e  s id e -a rm  o f  ea ch  f l a s k  w ere  
c a r e f u l l y  t ip p e d  i n t o  th e  m ain com partm en t o f  t h e  f l a s k ,  and  m ixed by 
t i p p i n g  backw ard  and fo rw a rd  be tw een  th e  arm and  t h e  f l a s k .  The f l a s k s  
w e re  th e n  p u t  b ack  in  t h e  w a te r  b a th ,  s h a k in g  was c o n t in u e d ,  and th e  
m anom eter h ead  m ic ro m e te rs  w ere s e t  t o  a  r e a d in g  o f  4 5 0 . The m anom eter 
v a lv e s  w ere  th e n  o p e n e d .
D e te rm in a t io n  o f  f e r m e n ta t io n  r a t e s
T he f l a s k s  w ere  l e f t  t o  e q u i l i b r a t e  f o r  10 m in , and th e  m anom eter 
v a lv e s  w ere  c lo s e d  and th e n  opened  a g a in .  T h is  was done t o  b r in g  th e  
l e v e l  o f  t h e  l i q u i d  in  t h e  m anom eters back  t o  th e  o r i g i n a l  l e v e l  shewn 
by a  m a rk e r , s e t  a t  t h e  e q u i l ib r iu m  l e v e l ,  when th e  f l u i d  in  b o th  arm s 
o f  e a c h  m anom eter was a t  t h e  same h e i g h t .  At i n t e r v a l s  (5  m in) th e  
l e v e l  o f  f l u i d  i n  e a c h  m anom eter was b ro u g h t  back  to  t h e  m ark e r p o s i t i o n  
by s c re w in g  t h e  m anom eter head  m ic ro m e te r  i n  t h e  a p p r o p r i a t e  d i r e c t i o n .
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and a  r e a d in g  o f  t h e  volum e was tal<en from  th e  m ic ro m e te r .  The r e a d in g  
d ro p p e d  a s  g a s  was e v o lv e d  from  e a c h  r e s p i r o m e te r  f l a s k .  The f i g u r e s  
o b ta in e d  f o r  t h e  y e a s t  t e s t  f l a s k s  w ere  u s e d  t o  d e r i v e  th e  g a s  volum es 
p ro d u c e d . C o r r e c t io n s  w ere  made f o r  c h a n g e s  in  th e  s u b s t r a t e  c o n t r o l s  
and y e a s t  c o n t r o l  f l a s k s ,  G r ^ h s  w ere p l o t t e d  o f  volum e o f  gas  e v o lv e d  
a g a in s t  t im e ,  and th e  r a t e  o f  e v o lu t io n  o f  c a rb o n  d io x id e  (m l/m in /m g  d ry  
w e ig h t)  f o r  e a c h  y e a s t  u n d e r  t e s t  was c a l c u l a t e d .  T he c o e f f i c i e n t  o f  
v a r i a t i o n  o f  t h e  p r e c i s i o n  o f  t h e  m eth o d , d e te rm in e d  from  s i x  s e t s  o f  
r e p l i c a t e  e x p e r im e n ts ,  w as -  2 .0% .
S e d im e n ta t io n  R a te s
A s i m p l i f i e d  m ethod , b a s e d  upon  t h a t  o f  C h e s te r  ( 1 9 6 3 ) ,  was a d o p te d  
s u b s t i t u t i n g  v i s u a l  e x a m in a t io n  o f  t h e  s e d im e n ta t io n  b e h a v io u r  f o r  an 
a b s o r p t io m e t r ic  m ethod .
P r e p a r a t i o n  o f  c u l t u r e s
The y e a s t  s t r a i n s  t o  b e  t e s t e d ,  i n c lu d in g  s t r a i n s  Y 1 and Y 8 0 , w ere  
i n o c u la te d  i n t o  p o r t i o n s  (1 0  m l) o f  C h e s te r  b r o th  ( p  33) and in c u b a te d  
f o r  96 h  a t  25*C, t h e  c u l t u r e s  b e in g  v ig o r o u s ly  sh a k e n  e v e ry  24 h .  A f te r  
96 h ,  t h e  c u l t u r e s  w ere  a g a in  s h a k e n , and w ere  t h e n  s e t  up  a g a i n s t  a  d a rk  
b a c k g ro u n d •
E s t im a t io n  o f  s e d im e n ta t io n  r a t e  and d e s ig n a t io n  o f  f lo c c u le n c e  g ro u p
A l l  c u l t u r e s  w ere  com pared  w ith  th o s e  o f  c o n t r o l  s t r a i n s  Y 1 and Y 8 0 . 
I f  th e y  showed a  s i m i l a r  r a t e  o f  s e d im e n ta t io n  to  Y 8 0 , w hich  i s  a  s t r o n g l y
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f l o c c u l e n t  y e a s t ,  th e y  w ere  c o n s id e r e d  t o  b e lo n g  t o  g ro u p  IV ; i f ,  i n  b e ­
h a v io u r ,  th e y  w ere  s i m i l a r  t o  Y 1 , th e y  w ere c o n s id e r e d  t o  be in  g roup  
I I I .  Y e a s ts  w h ich  s e d im e n te d  more s lo w ly  th a n  Y 1 , b u t  s t i l l  fo rm ed  
f l o e s ,  w ere  c l a s s i f i e d  in  g ro u p  I I ,  and th e  n o n - f l o c c u l e n t  s t r a i n s  w ere  
c o n s id e r e d  to  be  in  g ro u p  I .
ANALYTICAL METHODS
P r o te i n  D e te rm in a t io n s
A ll  g la s s w a re  u se d  f o r  t h e s e  d e te r m in a t io n s  was c le a n e d  w ith  ch ro m ic  
a c id  and r i n s e d  tw ic e  w ith  g l a s s - d i s t i l l e d  w a te r .
E x t r a c t i o n  o f  p r o t e i n  from  y e a s t s
P o r t io n s  (4  m l) o f  y e a s t  s u s p e n s io n s  t h a t  h ad  been  p r e p a re d  f o r  f e r ­
m e n ta tio n  r a t e  d e te r m in a t io n s  (p  59) w ere c e n t r i f u g e d  in  t a p e r e d  g la s s  
c e n t r i f u g e  tu b e s  (1 0  m l) a t  2000 f o r  10 m in . The s u p e r n a t a n t s  w ere 
d i s c a r d e d  and e a c h  y e a s t  p e l l e t  was re s u s p e n d e d  in  N-NaCH (2  m l) .  The 
tu b e s  w ere c o v e re d  w ith  a lum in ium  f o i l ,  p la c e d  in  a  b a th  o f  b o i l i n g  w a te r  
f o r  15 m in , t h e n  c e n t r i f u g e d  a s  b e f o r e .  The s u p e r n a t a n t  from  e a c h  one  
w as d e c a n te d  i n t o  a  v o lu m e tr ic  f l a s k  (10  m l) .  The y e a s t  r e s i d u e s  w ere 
e x t r a c t e d  tw ic e  more a t  20*C w ith  N-NaOH, and  th e  com bined e x t r a c t s  from  
e a ch  y e a s t  s t r a i n  w ere  made up  t o  10 ml w ith  N-NaOH.
D e te rm in a t io n  o f  p r o t e i n  i n  e x t r a c t s
P o r t i o n s  ( 0 ,1  m l, 0 .2  ml and  0 .4  m l) o f  t h e s e  d i l u t e d  e x t r a c t s  w ere 
d i s p e n s e d  i n t o  t e s t - t u b e s  (16  mm x  15 cm ), and t h e  volum e in  e a c h  tu b e
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was made up  t o  0 .5  ml w i th  g l a s s - d i s t i l l e d  w a te r*  The d e te r m in a t io n  
th e n  fo llo w e d  th e  m ethod o f  Lowry ^  ^  ( 1 9 5 1 ) .  S ta n d a r d s  r a n g in g  from  
0 to  50 (Lg p r o t e i n  p e r  tu b e  w ere  p r e p a r e d  u s in g  b o v in e  serum  a lb u m in  
(S igm a C h e m ic a ls  C o . ,  K in g s to n -u p o n -T h a m e s) ,  C o n c e n t r a t io n s  o f  p r o t e i n
i n  t h e  e x t r a c t s  w ere  c a l c u l a t e d  by r e f e r e n c e  t o  th e  s ta n d a r d  c u r v e .
C a rb o h y d ra te  D e te rm in a t io n s
A l l  g la s s w a r e  u se d  f o r  t h e s e  d e te r m in a t io n s  was c a r e f u l l y  c le a n e d  
w ith  ch ro m ic  a c id ,  and r i n s e d  w i th  g l a s s - d i s t i l l e d  w a te r  t h a t  had  b e e n  
f i l t e r e d  th ro u g h  a  c e l l u l o s e - a c e t a t e  membrane f i l t e r  (4 7  mm d ia m e te r ;  
p o re  s i z e  0 .2 2  (.vm; M i l l ip o r e )  t o  rem ove any  d u s t  p a r t i c l e s  w h ich  w ould  
i n t e r f e r e  w i th  t h e  a n a l y s i s .  The g la s s w a r e  w as th e n  d r i e d  in  an o v e n . 
W ater u s e d  f o r  d i l u t i o n  and  p r e p a r a t i o n  o f  s ta n d a r d  and t e s t  s o l u t i o n s  
was g l a s s - d i s t i l l e d ,  and f i l t e r e d  a s  d e s c r ib e d  a b o v e .
D u p l ic a te  p o r t i o n s  (5  m l) o f  s u i t a b l e  d i l u t i o n s  o f  e a ch  s u g a r  s o l u t i o n  
u n d e r  t e s t ,  w ere  d is p e n s e d  i n to  s to p p e r e d  tu b e s  (30  m l) .  S ta n d a r d  s o l ­
u t i o n s  w ere  p r e p a r e d ,  c o n ta in in g  1 0 , 20 and 30 mg g lu c o s e  p e r  l i t r e ,  and 
d u p l i c a t e  p o r t i o n s  (5  m l) o f  t h e s e  and o f  f i l t e r e d  g l a s s - d i s t i l l e d  w a te r  
( t o  u s e  a s  a  b la n k )  w ere  a l s o  added  to  s to p p e r e d  t u b e s .  A ll tu b e s  w ere 
p la c e d  in  a  m ix tu re  o f  m e th a n o l and s o l i d  c a rb o n  d io x id e ,  and f r o z e n .  
A n th ro n e  r e a g e n t  (1 0  m l; 0 .2  g  a n th r o n e ,  r e c r y s t a l l i z e d  from  e th a n o l ,  in  
100 m l c o ld  c o n c e n t r a te d  s u lp h u r i c  a c id )  was added  to  ea ch  tu b e ,  and  th e  
c o n te n t s  o f  th e  tu b e s  w ere  r e f r o z e n .  The tu b e s  w ere  th e n  t r a n s f e r r e d  
t o  a  w a te r  b a th  a t  15*C a n d , a f t e r  a  s h o r t  t im e ,  th e y  w ere  g e n t ly  sh a k e n  
t o  m ix t h e  s o l u t i o n s  c o m p le te ly .  A t t h i s  t im e ,  a l l  o f  th e  s o l u t i o n s  w ere
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a  p a l e  s t r a w  c o lo u r .  The tu b e s  w ere  t h e n  h e a te d  a t  90*C f o r  14 m in , c o o le d  
r ^ i d l y  t o  15®C, and l e f t  to  s ta n d  a t  room te m p e r a tu r e  f o r  15 m in . T he  
a b s o rb a n c e  o f  e a c h  s o lu t i o n  a t  590 nm was m easu red  a g a i n s t  t h a t  o f  t h e  
b l a n k .  A s ta n d a r d  c u rv e  was p r e p a r e d  and  u s e d  to  e s t im a te  t h e  s u g a r  
c o n te n t s  o f  t h e  t e s t  s o l u t i o n s .
A n a ly ses  on W orts and B e e rs
B e e rs  p ro d u ce d  by c o n t r o l  and h y b r id  s t r a i n s  o f y e a s t  in  c a n i s t e r  
(2 0  1 ) and  on  p r o d u c t i o n - s c a l e  (60  b r l ,  168 b r l  and  480 b r l )  f e r m e n t a t i o n s ,  
t o g e t h e r  w i th  t h e  o r i g i n a l  w o r t s ,  w ere  exam ined  u s in g  th e  f o l lo w in g  a n a ly s e s ,
O r i g in a l  g r a v i ty
T h e se  w e re  m easu red  u s in g  th e  m ethod d e s c r ib e d  by S avage  ( 1 9 7 1 ) .
P r e s e n t  g r a v i t y
S p e c i f i c  g r a v i t i e s  o f  t h e  b e e r s  w ere m easu red  u s in g  t h e  s p e c i f i c  
g r a v i t y  b o t t l e  m ethod ,
pH v a lu e
T he b e e r s  w ere  d e g a s s e d  by r e p e a te d  t r a n s f e r s  from  one v e s s e l  t o  
a n o th e r ,  and  t h e  pH v a lu e  was th e n  m easu red  u s in g  a  pH m e te r  ( V ib r o n ) .
C o lo u r
The c o lo u r  o f  t h e  b e e r s  was m easu red  u s i n g  th e  p h o to m e tr ic  m ethod 
recom m ended by  t h e  I n s t i t u t e  o f  B rew in g  (1 9 7 1 a ) .
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A lc o h o l
The a lc o h o l  c o n te n t  o f  t h e  b e e r s  was d e te rm in e d  by th e  m ethod in  
S t a t u t o r y  In s t r u m e n ts  (1 9 5 4 ) .
B i t t e r n e s s
The te c h n iq u e  u se d  was th e  m ethod recom m ended by t h e  I n s t i t u t e  o f  
B re w in g  (1 9 7 1 b ) .
T o ta l  n i t r o g e n
The m ethod u se d  was a  m o d i f ic a t io n  o f  t h a t  recom mended by th e  I n s ­
t i t u t e  o f  B re w in g  (1 9 7 1 c ) .  The m o d if ic a t io n  in v o lv e d  u s in g  a  p o r t i o n  
o f  w o r t  o r  b e e r  (10  m l) f o r  t h e  a n a l y s i s ,  an d  o m i t t i n g  t h e  e v a p o r a t io n  
s t e p .
A lpha-am ino  n i t r o g e n
T he am ino a c id  c o n te n t s  o f  w o r ts  and  b e e r s  w ere  e s t im a te d  u s in g  th e  
t r i n i t r o b e n z e n e - s u l p h o n i c - a c i d  r e a g e n t  t e c h n iq u e ,  i n c o r p o r a t in g  a  m odi­
f i c a t i o n  o f  t h e  m ethod o f  S a ta k e _ e t  ^al (1 9 6 0 ) ,  P h o sp h a te  b u f f e r  s o l u t i o n  
(5% w /v , d iso d iu m  h y d ro g en  o r th o p h o s p h a te  i n  w a te r ,  a d ju s te d  t o  pH 8 ,2  
w i th  aqueous sodium  d ih y d ro g e n  o r th o p h o s p h a te )  was s u b s t i t u t e d  f o r  t h e  
sod ium  b ic a r b o n a te  s o l u t i o n ,  and th e  volum es u s e d  w ere  i n c r e a s e d  t o  4 ml 
f o r  th e  b u f f e r  s o l u t i o n ,  and 2 ml f o r  th e  t r i n i t r o b e n z e n e - s u l p h o n i c - a c i d  
r e a g e n t .
T o ta l  p o ly p h e n o ls
The m ethod u se d  e s t i m a t e s  th e  t o t a l  p o ly p h e n o l c o n te n t  o f  w o r ts  and 
b e e r s ,  and i s  a  m o d if ic a t io n  o f  th e  D eC lerck  and  J e ru m a n is  m ethod (1 9 6 7 ) .
— 67 —
P i a c e t y l
D ia c e ty l  c o n te n t s  o f  b e e r s  w ere  e s t im a te d  by th e  m ethod o f  Owades 
and J a k o v a c  (1 9 6 3 ) .
D im e th y l s u lp h id e
T he c o n c e n t r a t io n  o f  d im e th y l  s u lp h id e  in  b e e r s  was e s t im a te d  u s in g  
th e  m ethod o f  S i n c l a i r  e t  a l  ( 1 9 6 9 ) .
V o l a t i l e  com ponen ts
A c o n ic a l  f l a s k  (100  m l) c o n t a i n in g  sodium  c h l o r i d e  (8  g) was f lu s h e d  
o u t  w i th  f r e s h  a i r  u s in g  a  s y r in g e  (20  m l) and th e n  s e a l e d  w i th  a  *S uba- 
s e a l*  s t o p p e r ,  A sam p le  o f  b e e r  (20  m l) and  a  p o r t i o n  ( 0 .5  m l) o f  a  
s ta n d a r d  s o l u t i o n  o f  b u t a n - l - o l  (2  mg in  one ml o f  3,5% aqueous e th a n o l  
s o l u t i o n ,  v /v )  w ere  in t r o d u c e d  i n to  t h e  f l a s k  th ro u g h  th e  S u b a s e a l ,  u s in g  
a  s y r i n g e .  The f l a s k  was th e n  e q u i l i b r a t e d  in  a  w a te r  b a th  (30°C ) f o r  
30 m in , A sam p le  o f  v a p o u r  (10 m l) was ta k e n  w ith  a  gas  s y r in g e  and 
i n j e c t e d  on to  a  g as  c h ro m a to g ra p h  co lu m n . The colum n w as p r e p a r e d  u s in g  
p o ly e th y le n e  g ly c o l  (20% w/w) on ’Em bacel* (6 0 -8 0  m esh) h e a te d  i n i t i a l l y  
t o  85*C, th e n  in c r e a s e d  t o  130*C a f t e r  60 m in . The c a r r i e r  g as  u s e d  was 
n i t r o g e n  a t  a  f lo w  r a t e  o f  100 m l/m in , and  t h e  v o l a t i l e  compounds w ere 
d e t e c t e d  u s in g  a  f la m e  i o n i s a t i o n  d e t e c t o r  ( P h i l i p s  PV 4000 o r  P & U M odel 
8 1 0 ) .
The c o n c e n t r a t io n s  o f  v o l a t i l e  com ponen ts i n  b e e r s  w ere  c a l c u l a t e d  
from  peak  h e i g h t s .  The f o l lo w in g  v o l a t i l e s  w ere  e s t im a te d  u s in g  t h i s  
t e c h n iq u e ;  a c e ta ld e h y d e ,  3 m e th y l- 1 - b u ta n o l  a c e t a t e ,  b u t a n - 2 - o l ,  e t h y l  
a c e t a t e ,  3 - m e th y l - l - b u ta n o l  t o g e t h e r  w i th  2 - m e t h y l - l - b u ta n o l ,  and
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n - p r o p a n o l .  T o ta l  f u s e l  o i l s  w ere  c a l c u l a t e d  from  t h e  sum o f  th e  con ­
c e n t r a t i o n s  o f  b u t a n - 2 - o l ,  3 -m e th y 1 -1 -b u ta n o l  and 2 - m e t h y l - l - b u ta n o l ,
PREPARATION OF MALTOTRIOSE
M a l t o t r i o s e  was o b ta in e d  from  Dr A M acP herson , A l l i e d  B re w e r ie s  
P r o c e s s  R e se a rc h  D e p a r tm e n t, T h is  was c o n ta m in a te d  w i th  m a lto s e  (tw o  
to  s i x  p e r  c e n t ) ,
A s t e r i l e  s o l u t i o n  o f  t h e  m a l t o t r i o s e  ( c a  2% w /v ) was i n o c u l a te d ,  a t  
a  l e v e l  o f  100 x  10^ c e l l s / m l ,  w ith  a  s l u r r y  o f  y e a s t  s t r a i n  Y 3 6 6 , The 
s l u r r y  was p r e p a r e d  by g ro w in g  th e  y e a s t s  i n  MYGP b r o th  o v e r n i g h t .  The 
c u l t u r e  was c e n t r i f u g e d  a t  600 u n d e r  s t e r i l e  c o n d i t io n s  in  an MSB M ajo r 
c e n t r i f u g e ,  and t h e  c e l l s  w e re  su sp en d e d  in  s t e r i l e  g l a s s - d i s t i l l e d  w a te r ,  
and r e c e n t r i f u g e d  tw ic e .  A f te r  i n o c u l a t i o n  th e  s o l u t i o n  o f  m a l to t r i o s e  was 
th e n  in c u b a te d  s t a t i c a l l y  o v e rn ig h t  a t  25®C. Y e a s t  Y 366 was u n a b le  to  
u t i l i s e  m a l t o t r i o s e ,  b u t  m e ta b o lis e d  th e  m a l to s e .  A f te r  t r e a tm e n t ,  t h e  
s o l u t i o n  was s t e r i l i s e d  by f i l t r a t i o n  (mem brane f i l t e r ;  47 mm d ia m e te r ;  
p o r e  s i z e  0 .2 2  m î; M i l l i p o r e )  and p a p e r  c h ro m a to g ra p h y  ( H a r r i s  e t  a l ,
1951) was u s e d  t o  ch eck  w h e th e r  a l l  o f  th e  m a l to s e  had  b e e n  rem oved .
T he a c t u a l  c o n c e n t r a t io n  o f  m a l t o t r i o s e  re m a in in g  in  s o l u t i o n  was d e t e r ­
m ined  u s in g  th e  a n th ro n e  te c h n iq u e  (p  6 4 ) .  The s o l u t i o n  was th e n  d i l u t e d  
t o  1,5%  w /v ,
CHEMICALS
A ll  c h e n ic a l s  u se d  w ere  o f  t h e  p u r e s t  g ra d e  a v a i l a b l e  o b ta in e d  from  
llo p k in  and  W il l ia m s , C h ad w ell H e a th , ( A n a ly t i c a l  R e a g e n t)  u n l e s s  o th e r w is e
-  69 -
s t a t e d .  The s o u rc e s  o f  t h e  c h e m ic a ls  and r e a g e n ts  u s e d ,  a r e  i n d i c a t e d  
w h e re  r e f e r e n c e  i s  f i r s t  made i n  t h e  s c r i p t .
RESULTS
-  70 -
PROPERTIES OF PARENT STRAINS
T he p a r e n t  y e a s t s  s e l e c t e d  f o r  t h i s  i n v e s t i g a t i o n  in c lu d e  a  r a n g e  
o f  s t r a i n s  o f  S accharom yces c e r e v i s i a e  and S accharom yce s  c a r I s b e r g e n s i s , 
some u s e d  in  b r e w e r i e s ,  o t h e r s  i n  b a k e r i e s  o r  d i s t i l l e r i e s .  T h e se  
s t r a i n s  a r e  l i s t e d  i n  th e  M a te r ia l s  and M ethods s e c t i o n  (T a b le  1 , p  2 8 ) ,  
The p r o p e r t i e s  o f  some o f  t h e s e  s t r a i n s  in  m a l t - w o r t  f e r m e n ta t io n s  a r e  
sum m arised  and d i s c u s s e d  i n  th e  s e c t i o n  on P r o p e r t i e s  o f  H y b rid  S t r a i n s  
( p  8 5 ) .
S p o r u l a t i n g  A b i l i t y
The a b i l i t y  o f  th e  p a r e n t  s t r a i n s  t o  s p o r u l a t e  v a r i e s  c o n s id e r a b ly  
r a n g in g  from  an a p p a re n t  i n a b i l i t y  ( s t r a i n s  Y 8 6 , Y 9 0 , Y 95 and  Y 311 ; 
T a b le s  3 and  4 ) t o  o v e r  70% s p o r u l a t i o n  ( s t r a i n s  Y 8 ,  Y 26 and Y 261 ;
T a b le  3 ) .  S t r a i n s  o f  S a c c h . c a r l s b e r g e n s i s  ( T a b le s - 4 and 5 ) p ro d u ce d  
s p o re s  m ore s lo w ly  th a n  s t r a i n s  o f  S a c c h . c e r e v i s i a e  (T a b le  3 ) ,  f o r  
e v id e n c e  o f  s p o r u l a t i o n  o n ly  s p e a r e d  a f t e r  72 h  in  th e  f o rm e r .  W ith  th e  
e x p e p tio n  o f  Y 4 3 , a  n o n -b re w in g  s t r a i n ,  Y 92 and Y 9 3 , th e y  s p o r u l a te d  
p o o r ly  o r  n o t  a t  a l l .
M a tin g  A b i l i t y  o f  S t r a i n s  D e r iv e d  from  P a r e n t  Y e a s ts
When m a tin g  ty p e s  o f  th e  n o n - s p o r in g  s t r a i n s  w ere  ex am in ed , a l l  o f  
t h e  p a r e n t  s t r a i n s  p ro d u ce d  some s p o re  i s o l a t e s  t h a t  w ere  s t e r i l e ,  r a n g in g  
from  22% to  100% o f  th e  t o t a l  (T a b le s  3 ,  4 and  5 ) and some y e a s t s  p ro d u ce d  
s t r a i n s  c a p a b le  o f  m a tin g  w i th  e i t h e r  ^  o r  oc m a tin g  s t r a i n s .
- 7 1 -
TABLE 3
i s o l a t e s 1 d e r iv e d from p a r e n t  is t r a i n s o f  S accharom yces c e r e v i s i a e
S t r a i n
num ber
P e r c e n t
s p o r u l a t i o n
a f t e r
P e r c e n t  o f  m a tin g  
s t r a i n s  o f  
m a tin g  ty p e
P e r c e n t
o f
. s t e r i l e
T o t a l  num ber 
o f  i s o l a t e s  
exam ined  f o r
72 h 168 h1 â a a /*
s t r a i n s m a tin g  ty p e
Y 1 -  1 6 .1 — 0 1 0 .0 1 0 .0 8 0 .0 10
Y 1 -  2 ( 6 2 ,0 ) - 3 8 .2 3 .6 0 5 8 .2 55
Y 7 2 4 ,9 - 1 1 .4 3 4 .3 2 2 .9 3 1 .4 ,35
Y 8 8 2 .1 - 3 1 .2 3 7 .5 6 .3 2 5 .0 16
Y 9 0 2 .3 0 0 0 100 8
Y 10 1 7 ,8 - 4 4 .4 1 1 .1 2 2 .2 2 2 .2 9
Y 11 0 < 1 - - - - 0
Y 26 ( 7 5 .0 ) - 1 6 .7 1 5 .3 5 .5 6 2 ,5 72
Y 32 6 2 .0 - 4 2 .9 1 4 .3 1 4 .3 2 8 .6 14
Y 33 3 0 .9 - 0 5 0 .0 0 5 0 .0 2
Y 80 3 7 .1 - 3 ,6 4 .6 1 .8 9 0 .0 110
Y 86 (0 ) (0 ) - - - - 0
Y 261 7 6 .4 - 0 3 8 .5 0 6 1 .5 13
y  304 3 5 .8 2 3 ,5 5 .9 2 .0 68 .6 51
Y 307 ( 5 6 ,0 ) - 0 0 0 100 58
Y 311 (0 ) (0 ) - - - - 0
-  i n d i c a t e s  t h a t  th e  s t r a i n  was n o t  t e s t e d
( ) i n d i c a t e s  t h a t  a  d i f f e r e n t  b a tc h  o f  s p o r u l a t i o n  a g a r  was u s e d  f o r  
t h e s e  s p o r u l a t i o n  t e s t s
- 7 2 -
TABLE 4
i s o l a t e s d e r iv e d  from  p a r e n t s t r a i n s  o f  S acch aro m y ces c a r l s b e r g e n s i s
S t r a i n
num ber
P e r c e n t
8 p o ru la ti< m
a f t e r
Number o f  m a tin g  
s t r a i n s  o f  
m a t in g  ty p e
Number
o f
s t e r i l e
T o ta l  num ber 
o f  i s o l a t e s  
exam ined  f o r
72  h  168 h _a a j |/ a s t r a i n s m a t in g  ty p e
Y 41 0 5 0 0 0 2 2
Y 43 0 50 1 4 2 2 9
Y 90 0 0 - - - - 0
Y 92 0 10 0 0 0 4 4
Y 93 0 20 0 0 1 5 6
Y 94 0 <1 0 0 0 1 1
Y 95 0 0 - - - 0
Y 140 0 <1 - - - - 0
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T he s p o r u l a t i n g  a b i l i t y  o f  s t r a i n s  Y 9 ,  Y 11 and Y 140 , w h ich  a r e  
th o u g h t  t o  b e  u s e f u l  p a r e n t  t y p e s ,  was v e ry  low , and  i t  had  p ro v e d  im­
p o s s ib l e  t o  i s o l a t e  f e r t i l e  m a tin g  s t r a i n s  by t h e  ’m ass i s o l a t i o n ’ m e th o d s , 
e m p lo y in g  p l a t i n g  te c h n iq u e s  ( T a b le s  3 and 4 ) .  M ic ro m a n ip u la t io n  o f f e r e d  
an  a l t e r n a t i v e  m ethod o f  i s o l a t i n g  t h e  few  a s c i  p ro d u c e d , and o f  s e p a r a t i n g  
th e  s p o r e s .  I n  a d d i t i o n ,  s t r a i n s  Y 41 and Y 9 3 , w h ich  s p o r u l a te d  to  a  
r e a s o n a b le  e x t e n t  b u t  w h ich  gave  se v e n  s t e r i l e  c u l t u r e s  o u t  o f  e i g h t  
i s o l a t e s  u s in g  th e  ’ m ass i s o l a t i o n ’ m e th o d s , w ere  s u b je c t e d  t o  th e  t e c h ­
n iq u e  o f  m ic r o m a n ip u la t io n .
T h is  te c h n iq u e  d id  n o t  p ro d u c e  v i a b l e  s p o r e s  from  Y 11 ( T a b le  6 ) and 
s p o re s  o f  Y 9 w i th in  a  tw o -s p o re d  a s c u s  p ro v e d  v e ry  d i f f i c u l t  to  s e p a r a t e  
from  e a c h  o t h e r .  H ow ever, one  f o u r - s p o r e d  a s c u s  was fo u n d  i n  th e  s p o ru ­
l a t i n g  c u l t u r e  o f  Y 9 d u r in g  m ic ro m a n ip u la tio n  and t h i s  was i s o l a t e d ,  grown 
up  in  w o r t  and  s p o re  fo rm a tio n  in d u c e d . T h i s  c u l t u r e ,  d e s ig n a te d  Y 9 - 1 ,  
gave a  h ig g le r  p e rc e n ta g e  s p o r u l a t i o n  th a n  th e  p a r e n t  c u l t u r e  ( c a  35% ). 
M ic ro m a n ip u la t io n  o f  a  s p o r u l a t i n g  c u l t u r e  o f  t h i s  i s o l a t e  p ro d u ce d  21 
v i a b l e  m a t in g  s t r a i n s  o f  t h e  & m a tin g  ty p e  (T a b le  4 ) some o f  w hich  c o u ld  
s p o r u l a t e .
The s p o r u l a t i n g  c u l t u r e s  o f  s t r a i n s  Y 4 1 , Y 93 and Y 140 w ere  a l l  s u c ­
c e s s f u l l y  s u b je c t e d  t o  m ic ro m a n ip u la t io n  (T a b le  5 )  g iv in g  r i s e  t o  m a tin g  
s t r a i n s .  T he ot and ^/oc m a tin g  s t r a i n s  d e r iv e d  from  Y 41 and  Y 140 had 
p o o r m a tin g  a b i l i t y  w i th  t h e  s ta n d a r d  s t r a i n s  8Ta and S T a, and w ou ld  n o t  
m ate  a t  a l l  when h y b r id i s e d  w ith  ^  and oc s t r a i n s  from  o th e r  p a r e n t  y e a s t s  
( s e e  T a b le  8 ,  p 7 8 ) .  T h e se  y e a s t s ,  i n  p r a c t i c e  b e h a v e  a s  s t e r i l e  s t r a i n s ,  
and p e rh a p s  s h o u ld  be  in c lu d e d  in  t h i s  g ro u p  g iv in g  6 9 .2  and 93.9%  s t e r i l e  
s t r a i n s ,  p ro d u c e d  by Y 1 and  Y 140 r e s p e c t i v e l y .
— 75  —
C e l l  V olum es o f  P a r e n t  Y e a s ts  and  M a tin g  S t r a i n s
A verage c e l l  vo lum es o f  p a r e n t  and m a tin g  s t r a i n s  a r e  l i s t e d  in
T a b le  6* W ort c o m p o s i t io n  had  a  c o n s id e r a b l e  e f f e c t  on c e l l  vo lum e, and 
t h e r e f o r e  w o r t  b a tc h  num bers a r e  q u o te d  w i th  e a c h  s e t  o f  r e s u l t s ,
MATING
A ll  o f  th e  two h u n d red  m a tin g  s t r a i n s  o b ta in e d  from  t h e  p a r e n t  s t r a i n s  
w e re  h y b r id i s e d  w i th  one a n o th e r  a s  a p p r o p r i a t e ,  w i th  t h e  f o l lo w in g  
e x c e p t io n s
1 . M a tin g s  w ere  n o t  a t te m p te d  be tw een  c u l t u r e s  d e r iv e d  from  th e  same
p a r e n t  b e c a u s e  i t  was n o t  t h e  p o l i c y  o f  th e  h y b r i d i s a t i o n  program m e, f o r
su c h  in b r e e d in g  was th o u g h t  t o  b e  u n l i k e l y  t o  p ro d u c e  c o m m e rc ia lly  u s e f u l  
h y b r id  s t r a i n s ,
g .  M a tin g  s t r a i n s  d e r iv e d  from  Y 26 and Y 80 w ere  n o t  c r o s s e d  w i th
Y 8 , Y 1 0 , Y 3 2 , Y 33 and Y 261 m a tin g  s t r a i n s ,  and t h o s e  from  Y 9 w ere  n o t
h y b r id i s e d  w ith  m a tin g  s t r a i n s  from  Y 10 and Y 32 (T a b le  7 ) .  T h is  i s  
i n d i c a t e d  by ND i n  t h e  T a b le s ,  A lso  m a t in g  s t r a i n s  o f  Y 26 w ere  n o t  m ated  
w i th  t h o s e  from  Y 43 ( T a b le  8 ) ,  T he s i x  y e a s t  s t r a i n s  Y 8 ,  Y 1 0 , Y 3 2 ,
Y 3 3 , Y 43 and Y 261 had  n o t  p ro v e d  t o  be s u c c e s s f u l  p a r e n t  s t r a i n s  in
e a r l i e r  c r o s s e s ,  s i n c e  th e y  h a d  f a i l e d  t o  p ro d u c e  h y b r id s /w i th  u s e f u l  b re w in g
c h a r a c t e r i s t i c s .
3 . F o r  t h e  same r e a s o n ,  s e l e c t e d  c r o s s e s  o n ly  w ere  made w i th  m a tin g  
s t r a i n s  d e r iv e d  from  Y 41 and Y 140 , u s in g  Y 1 , Y 26 and Y 80 a s  t h e  o t h e r  
p a r e n t s  (T a b le  8 ) ,
- 7 6 -
TABLE 6
A verage  c e l l  vo lum es o f  p a r e n t  s t r a i n s  o f  S acch aro m y ces c e r e v i s i a e  
and S accharom yces c a r l s b e r g e n s i s  and m a tin g  and s t e r i l e  
s t r a i n s  d e r iv e d  from  them
S t r a i n
num ber
B a tc h  
o f  w o r t  
u se d
A verage  volum e 
o f  c e l l  o f  
p a r e n t  g t r a i n  
(pm )
3
A verage  volum e ((im ) o f  c e l l  o f  
s t r a i n  o f  m a t in g  ty p e
a  a  a / a  S t e r i l e
S acch aro m y ces  c e r e v i s i a e
Y 1 -  1 1 2 6 8 .8 1 2 3 .3
2 2 6 9 .7 19 9 .1  2 0 0 .0
Y 7 1 1 8 7 .5 8 0 .0
3 1 9 1 .1 9 1 .1  1 2 4 .4
Y 9 2 2 0 0 .2 1 6 0 .2
4 2 4 2 .8 7 9 .4  1 9 2 .3  
1 5 5 .6
Y 10 1 2 5 2 .5 1 5 0 .0
2 256 .1 1 6 5 .5  1 0 1 .8  1 4 8 .2
Y 26 5
6
2 5 2 .4
2 1 0 .3
1 3 1 .2
Y 32 5 1 6 3 .7 9 4 .8  5 8 .9  1 7 8 .9  9 0 .6
Y 33 3 1 3 7 .9 1 3 7 .6  1 7 2 .1
Y 80 6 3 4 7 .1
Y 261 7 1 1 8 .7 5 0 .1  4 9 .7
Y 304 7
8
1 0 6 .7
1 2 8 .3
5 5 .8
S acch aro m y ces c a r l s b e r g e n s i s
Y 41 5 1 9 5 .6 1 4 4 .1
Y 92 8 6 5 .5 7 0 .0
Y 93 7 7 6 .2 5 0 .2
3 1 4 7 .1 9 7 .0
Y 94 8 7 4 .7 8 6 .9
Y 95 9 2 2 1 .0
Y 140 9
9
2 1 9 .7
2 2 8 .8
E ach a v e ra g e  v a lu e  q u o te d  i s  c a l c u l a t e d  from  th e  a v e ra g e  le n g th  and w id th  
o b ta in e d  by m e a s u r in g  100 random ly  s e l e c t e d  c e l l s .  T he s ta n d a r d  d e v ia t i o n s  
o f  th e  c a l c u l a t e d  mean l e n g th s  and w id th s ,  e x p re s s e d  a s  a  p e rc e n ta g e  o f  t h e  
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M ass I s o l a t i o n  o f  s p o re s  p ro v e d  u n s u c c e s s f u l  f o r  m ost s t r a i n s  o f  
S a c c h . c a r l s b e r g e n s i s , b e c a u s e  o f  t h e i r  p o o r  s p o ru la tin g *  a b i l i t y .  How­
e v e r ,  i t  was fo u n d  t h a t  s t r a i n s  Y 4 1 , Y 9 2 , Y 9 4 , Y 95 and Y 140 w ould 
th e m s e lv e s  m ate  w i th  two v e ry  f e r t i l e  m a tin g  s t r a i n s ,  Y 8 ^ /oç 1 and  
Y 33 a  1 , d e r iv e d  from  S a c c h . c e r e v i s i a e  s t r a i n s  Y 8 and  Y 33 r e s p e c t i v e l y .  
The h y b r id  s t r a i n s  p ro d u ce d  s p o r u l a te d  m ore r e a d i l y  th a n  t h e i r  p a r e n t  
s t r a i n s  o f  S a c c h . c a r l s b e r g e n s i s , and c o u ld  be u s e d  to  p ro d u c e  a d d i t i o n a l  
h y b r i d s , M a tin g  s t r a i n s  c o u ld  n o t  be  o b ta in e d  from  h y b r id  H 9 1 , a  c r o s s  
b e tw e en  Y 94 and Y 33 ^  1 ,  and h y b r id  H 97 p ro d u c e d  o n ly  a  s i n g l e  s t e r i l e  
c u l t u r e  (T a b le  9 ) ,  The o t h e r s ,  H 9 4 , H 9 5 , H 9 6 , H 98 and H 9 9 , p ro d u c e d  
a  r a n g e  o f  f e r t i l e  m a tin g  c u l t u r e s  (T a b le  9 ) ,  T h e se  w ere  c r o s s e d  w i th  
s e l e c t e d  m a tin g  c u l t u r e s  d e r iv e d  from  s t r a i n s  o f  S a c c h . c e r e v i s i a e  and 
S a c c h . c a r l s b e r g e n s i s  (T a b le  1 0 ) .  I n  a d d i t i o n ,  two o t h e r  h y b r id  s t r a i n s ,  
H 10 and  H 13 , w h ich  a r e  fo u n d  to  be  f a s t  f e r m e n t in g  y e a s t s ,  w ere in d u c e d  
t o  s p o r u l a t e .  M a tin g  s t r a i n s  w ere  i s o l a t e d  and c r o s s e d  w ith  m a te rs  from  
h y b r id  s t r a i n s  H 9 4 , H 9 5 , H 9 6 , H 98 and H 99 and p a r e n t  s t r a i n s  Y 10 
and  Y 304 (T a b le  1 1 ) .
COMPATIBILITY
C a l c u la te d  c o m p a t i b i l i t i e s  f o r  c r o s s e s  b e tw een  m a tin g  s t r a i n s  v a r i e d  
b e tw e en  0 and  100% (T a b le s  7 , 8 ,  1 0 , 1 1 ) .  A veraged  p e r c e n ta g e  c o m p a ti­
b i l i t i e s  f o r  c r o s s e s  b e tw een  d i f f e r e n t  ty p e s  o f  s t r a i n s  o f  S a c c h . 
c e r e v i s i a e  and S a c c h . c a r l s b e r g e n s i s  a r e  g iv e n  in  T a b le  1 2 . The lo w e s t  
a v e ra g e  c o m p a t i b i l i t y  was 17.2% , among c r o s s e s  b e tw e en  m a tin g  s t r a i n s  from  
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P e r c e n ta g e  c o m p a t ib i l i t y  o f  c r o s s e s  b e tw een  m a tin g  s t r a i n s  
d e r iv e d  from  h y b r id  s t r a i n s  H 10 and H 13 w ith  th o s e  d e r iv e d  
from  h y b r id  s t r a i n s  H 9 4 , H 9 5 , H 9 6 , H 98 and H 99 and from  
p a r e n t  s t r a i n s  o f  S acch aro m y ces c e r e v i s i a e ,  Y 10 and Y 304
a  and s /a  
m a tin g  s t r a i n s  
d e r iv e d  from
a  and a/a  m a tin g  s t r a i n s  
d e r iv e d  fro m  y e a s t  s t r a i n s
h y b r id  s t r a i n s H 94 H 95 H 96 H 98 H 99 Y 10 Y 304
H 10 100 0 2 0 .0 3 3 .0  0 0 100
H 13 5 4 .5 2 7 .3  3 1 .0 2 7 .3  2 2 .7 0 6 3 .6
a  and  a /a  
m a tin g  s t r a i n s  
d e r iv e d  from  
h y b r id  s t r a i n s H 94
ja and j^cc m a t in g  s t r a i n s  
d e r iv e d  fro m  y e a s t  s t r a i n s
H 95 H 96 H 98 Y 10 Y 304
H 10 5 0 .0 8 3 .3  4 4 .4 3 3 .3 4 2 .9 0
H 13 2 5 .0 7 0 .0  3 0 .0 0 2 0 .0 2 3 .3
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w as 82 .5% , o b ta in e d  when b a k in g  an d  d i s t i l l e r y  s t r a i n s  o f  S a c c h . 
c e r e v l s i a e  w ere  h y b r id i s e d  w ith  a  n o n -b re w in g  s t r a i n  o f  S a c c h . c a r l s -  
b e r g e n s i s . O v e r a l l ,  n o n -b re w in g  s t r a i n s  p ro d u c e d  m a tin g  s t r a i n s  t h a t  
w e re  m ore f e r t i l e  th a n  th o s e  d e r iv e d  from  b re w in g * a le F a n d 'la g e r*  y e a s t s #
A lth o u g h  c r o s s e s  b e tw e en  b re w in g  s t r a i n s  o f  S a c c h . c e r e v l s i a e  and 
S a c c h . c a r l s b e r g e n s i s  w ere  o n ly  26.7%  s u c c e s s f u l ;  i t  m ust be n o te d  t h a t  
t h e  a  and a/a  m a tin g  s t r a i n s  o f  Y 41 and Y 140 w ould  n o t  m ate  w i th  any 
o f  t h e  p a r e n t  s t r a i n s .  I f  t h e s e  c r o s s e s  a r e  ig n o r e d ,  t h e  c o m p a t i b i l i t y  
r i s e s  t o  34,8%  (T a b le  1 2 ) .
S t r a i n s  H 9 4 , H 9 5 , H 9 0 , H 98 and H 99 c a n n o t  be d e s c r ib e d  a s  t r u e  
h y b r id s ,  f o r  th e y  w ere  p ro d u c e d  by h y b r i d i s i n g  p a r e n t  s t r a i n s  o f  S a c c h . 
c a r l s b e r g e n s i s  w i th  m a tin g  s t r a i n s  o f  S a c c h . c e r e v l s i a e . The f e r t i l i t y  
o f  t h e  m a tin g  s t r a i n s  d e r iv e d  from  t h e s e  h y b r id s  was s i m i l a r  t o  t h a t  o f  
b re w in g  s t r a i n s , b u t  n o t  a s  h ig h  a s  t h e  f e r t i l i t y  o f  t h e  m a tin g  s t r a i n s  
from  t r u e  h y b r id s ,  su c h  a s  b a k in g  and  d i s t i l l e r y  y e a s t s  and  t h e  n o n -b re w in g  
p a r e n t  s t r a i n  o f  S a c c h . c a r l s b e r g e n s i s . The a and  a /a  s t r a i n s  o f  H 96 
m ated  v e ry  p o o r ly  i n  t h i s  e x p e r im e n t and th e  c o m p a t i b i l i t y  r e s u l t s  f o r  
t h e s e  c r o s s e s  h av e  n o t  b e e n  in c lu d e d  i n  t h e  c a l c u l a t i o n s .  A ls o , o n ly  a  
s i n g l e  ^  m a t in g  s t r a i n  o f  Y 1 ,  one ^  s t r a i n  o f  Y 33 and  one  ^ a  s t r a i n  o f  
Y 9 3 , H 94  and  H 98 w ere  a v a i l a b l e  f o r  m a tin g s  when t h e s e  c r o s s e s  w ere  
c a r r i e d  o u t ,  (T a b le  1 0 ) ,
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PROPERTIES OF HYBRID STRAINS
H y b rid  y e a s t s  w ere exam ined  f o r  g e n e t i c  s t a b i l i t y  a f t e r  i n c u b a t in g  
on W a l l e r s t e i n  L a b o r a to r i e s  N u t r i e n t  a g a r ,  and a l l  s t a b l e  s t r a i n s ,  w i th  
l e s s  th a n  15 p e r  c e n t  ab n o rm al c o l o n i e s ,  w ere  s c re e n e d  f o r  f e r m e n ta t io n  
b e h a v io u r  u s i n g  t e s t - t u b e  c u l t u r e s .  The g e n e t i c  s t a b i l i t y  o f  p a r e n t  
s t r a i n s  o f  y e a s t  and  some o f  t h e  h y b r id s  a r e  shown i n  T a b le  1 3 . S e l e c t e d  
s t r a i n s  w ere  th e n  exam ined  in  g r e a t e r  d e t a i l .
C h a r a c t e r i s t i c s  o f  H y b r id s  in  T e s t-T u b e  C u l tu r e s
The t e s t - t u b e  c u l t u r e  te c h n iq u e  w as d e s ig n e d  t o  s e l e c t ,  from  t h e  
l a r g e  num ber o f  o rg a n ism s  p ro d u c e d , h y b r id s  w ith  gpod f e r m e n ta t io n  c h a r a c ­
t e r i s t i c s .  The y e a s t s  w ere  t e s t e d  f o r  f lo c c u le n c e ,  h ead  f o r m a t io n ,  a b i l i t y  
t o  a t t e n u a t e  w o r t ,  and d u r a t i o n  o f  l a g  p h a s e .  M easurem ent o f  th e  f i r s t  
tw o p r o p e r t i e s  i s  som ew hat a r b i t r a r y  and i t  i s  d i f f i c u l t  t o  a s s e s s  t h e i r  
r e p r o d u c i b i l i t y .  How ever th e  c l a s s i f i c a t i o n  g ro u p in g s  a r e  w id e  ( s e e  k e y . 
A ppend ix  I ) .  The r e p r o d u c i b i l i t i e s  o f  th e  o t h e r  two c h a r a c t e r i s t i c s ,  
n am ely  a t t e n u a t i v e  a b i l i t y  and d u r a t i o n  o f  l a g  p h a s e ,  a r e  a l s o  g iv e n  a t  t h e  
f r o n t  o f  A ppendix  I .  R e s u l t s  o f  t e s t - t u b e  w o rt c u l t u r e s  a r e  sum m arised  
I n  T a b le  14 and A ppendix I .
F lo c c u le n c e
A l a r g e  p r o p o r t io n  o f  h y b r id s  ( 8 4 .9  p e r  c e n t .  T a b le  14) had  f lo c c u le n c e  
c h a r a c t e r i s t i c s  t h e  same a s ,  o r  i n te r m e d ia t e  be tw een  th o s e  o f  t h e i r  p a r e n t  
s t r a i n s .  A s m a l l  p e r c e n ta g e  ( 2 .0 )  w ere m ore f l o c c u l e n t  th a n  e i t h e r  
p a r e n t  y e a s t ,  and  1 3 .1  p e r  c e n t  o f  h y b r id s  show ed l e s s  f lo c c u le n c e .  A 
l a r g e  p r o p o r t io n  (9 0 .1  p e r  c e n t )  o f  th e  h y b r id s  d e r iv e d  from  c r o s s e s  w i th
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t a b u ; 13
C o lo n ia l  m orphology and e s t im a te d  p e r c e n ta g e  abno rm al c o lo n ie s  
f o r  p a r e n t  s t r a i n s  and h y b r id  s t r a i n s  H 10 and H 13
S t r a i n
num ber
D e s c r ip t io n  o f  no rm al c o l o n i a l  m orphology  
a f t e r  6 d ay s  on  W a l l e r s t e i n  L a b o ra to ry  
N u t r i e n t  A gar
P e r c e n t
ab n o rm a l
c o lo n i e s
S t r a i n s  o f  S accharom yces c e r e v i s i a e
Y 1 G re e n , ro u g h , c r e n u l a t e d 4 .6
Y 7 G re e n , ro u g h , c r e n u l a t e d 0
Y 8 G re e n , sm o o th , e n t i r e 0
Y 9 G re e n , sm o o th , s l i g h t l y  c r e n u l a t e d 2
Y 10 G re e n , v e ry  ro u g h , c r e n u l a t e d 0
Y 32 D ark g r e e n ,  sm o o th , s l i g h t l y  c r e n u l a t e d 0
Y 33 D ark g r e e n ,  sm o o th , e n t i r e 1
Y 80 G re e n , sm o o th , s l i g h t l y  c r e n u l a t e d 9
Y 86 G re e n , sm o o th , c r e n u l a t e d 1
Y 261 D ark  g r e e n ,  sm o o th , e n t i r e 10
Y 304 G re e n , m ixed ro u g h  and sm o o th , a l l  c r e n u l a t e d 15
S t r a i n s  o f S accharom yces c a r l s b e r g e n s i s
Y 41 C ream y, sm o o th , e n t i r e 0
Y 43 P a le  g re e n , sm o o th , e n t i r e 0
Y 92 P a le  g re e n , sm o o th , e n t i r e 2
Y 93 P a le  g re e n , sm o o th , c r e n u l a t e d 0
Y 94 G re e n , sm o o th , e n t i r e 0
H y b rid  s t r a i n s  o f  S accharom yces c e r e v l s i a e
H 10 G re e n , r a i s e d  c e n t r e ,  c r e n u l a t e d 1
H 13 D ark  g re e n , sm o o th , s l i g h t l y  c r e n u l a t e d 9
The p e r c e n t  ab n o rm a l c o lo n ie s  was c a l c u l a t e d  from  th e  mean 
t r i p l i c a t e  p l a t e s ,  e a c h  w ith  c a  200 c o lo n ie s



















































































































m a tin g  s t r a i n s  d e r iv e d  from  y e a s t  s t r a i n  Y 9 w ere  n o n - f l o c c u l e n t ,  and 
t h e  o n ly  f l o c c u l e n t  h y b r id s  p ro d u c e d  from  t h i s  y e a s t  w ere  p r o d u c ts  o f  
h y b r i d i s a t i o n  w i th  Y 2 6 , a  s t r o n g l y  f l o c c u l e n t  s t r a i n .  (A p p e n d ix  1 )
Whai m a tin g  s t r a i n s  from  h y b r id s  H 9 4 , H 9 5 , H 9 6 , H 98 and H 99 w ere  
c r o s s e d  w i th  th o s e  from  p a r e n t  s t r a i n s  ( T a b le  1 5 ) ,  9 2 ,9  p e r  c e n t  o f  t h e  
o f f s p r i n g  w ere  n o n - f l o c c u l e n t  and 3 ,5 5  p e r  c e n t  e a c h  o f  g ro u p  I I  and g roup  
I I I  f lo c c u le n c e .  G e n e t i c a l l y  s t a b l e  f l o c c u l e n t  h y b r id s ,  w h ich  num bered 
f o u r t e e n  o u t  o f  a  t o t a l  o f  e ig h t e e n ,  w ere  exam ined  in  t e s t - t u b e  c u l t u r e s  
f o r  t h e i r  o th e r  f e r m e n ta t io n  c h a r a c t e r i s t i c s .  ,
Head fo rm a tio n
M ost h y b r id s  h a v e  h e a d - fo rm in g  c h a r a c t e r i s t i c s  t h e  same a s ,  o r  
in te r m e d ia t e  b e tw e e n , t h o s e  o f  t h e  p a r e n t  s t r a i n s  (90 .2% , T a b le  1 4 ) .  A 
s m a l l  p r o p o r t io n  h a v e  h e a d -fo rm in g  a b i l i t i e s  w hich  a r e  s t r o n g e r  (3 .6% ) o r  
w ea k e r (6 .2% ) th a n  e i t h e r  p a r e n t .
Of th e  h y b r id s  fo rm ed  be tw een  m a t in g  s t r a i n s  from  th e  h y b r id  y e a s t s  
H 9 4 , H 9 5 , H 9 6 , H 98 and H 9 9 , and th o s e  from  th e  p a r e n t  s t r a i n s ,  14.3%  
w e re  h e a d - f o rm e r s .
A t t e n u a t in g  a b i l i t y
A g a in , t h e  m a jo r i ty  o f  h y b r id s  fo rm ed  b e tw e en  p a r e n t  s t r a i n s  show 
a t t e n u a t i n g  a b i l i t y  s i m i l a r  t o ,  o r  in te r m e d ia t e  b e tw e e n , t h a t  o f  t h e i r  
p a r e n t  s t r a i n s ,  b u t  18.9% show p o o r e r  a t t e n u a t i o n  th a n  e i t h e r  p a r e n t ,  and 
4,8%  show b e t t e r  a t t e n u a t i o n  c a p a c i ty  th a n  e i t h e r  (T a b le  1 4 ) .
When h y b r id s  form ed from  m a te r  c u l t u r e s  d e r iv e d  from  H 9 4 , H 9 5 , H 9 6 , 
H 98 and H 99 and th o s e  from  p a r e n t  s t r a i n s  w ere  t e s t e d ,  57,1% h a d  p o o r  
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L ag  p h a s e
A l a r g e  p r o p o r t io n  o f  h y b r id s  ( 8 0 .2  p e r  c e n t )  h ad  in te r m e d ia t e  l a g  
p h a s e s ,  and  18 p e r  c e n t  lo n g e r  o n es  th a n  e i t h e r  p a r e n t  y e a s t .
E xam ples o f  r e s u l t s  f o r  t e s t - t u b e  c u l t u r e s  o f  s e l e c t e d  h y b r id s  and 
p a r e n t  s t r a i n s  a r e  g iv e n  i n  T a b le  1 6 .
C h a r a c t e r i s t i c s  in  Tube C u l tu r e s  ( 1 .5  l i t r e s )
H y b r id  s t r a i n s  H 1 0 , H 1 3 , H 1 4 3 1 , H 1465 and  H 1985 w e re  a l l  
exam ined  in  2 - l l t r e  t u b e s .  T he r e s u l t s  o f  t h e s e  e x p e r im e n ts  a r e  g iv e n  in  
F ig u r e s  4 t o  10 and T a b le  1 7 . A l l  f i v e  h y b r id s  a t t e n u a t e d  b e t t e r  o r  m ore 
r e a d i l y  th a n  t h e  s t r a i n s  w i th  w h ich  th e y  w ere  com pared  ( F ig u r e s  4 ,  6 ,  8 ,  9 , 
1 0 ) and e x c e p t in g  H 10 , th e y  p ro d u c e d  lo w e r  y i e l d s  o f  y e a s t ,  i n  w e t w e ig h t 
( T a b le  1 7 ) .  T he f i n a l  y e a s t  c o u n ts  v a r i e d  w id e ly ,  h y b r id s  H 10 and H 13 
g i v in g  b e e r s  w i th  h ig h  r e s i d u a l  c o u n t s ,  H 1431 and  H 1465 p r o d u c in g  b e e r s  
w i th  lo w e r c o u n ts  th a n  th e  c o n t r o l  s t r a i n  Y 1 ,  and  th e  b e e r  fro m  s t r a i n  
H 1985 h a v in g  a  s i m i l a r  c e l l  c o u n t to  i t s  c o n t r o l  ( T a b le  1 7 ) .
H y b r id  s t r a i n s  H 10 and H 1465 p ro d u c e d  p ro n o u n ce d  h e a d s  ( F ig u r e s  5 
and 9 )  th ro u g h o u t  t h e  f e r m e n t a t i o n s ,  w h e re a s  s t r a i n s  H 13 and  H 1431 
p ro d u c e d  foam  e a r l y  i n  f e r m e n ta t io n  b u t  t h i s  c o l l a p s e d  l a t e r  ( F ig u r e s  7 
and 8 ) .  S t r a i n  H 1985 p ro d u c e d  a  h e a d  w h ich  w as n o t  a s  d e n s e  o r  a s  
m arked a s  t h a t  p ro d u c e d  by  c o n t r o l  s t r a i n  Y 1 ( F ig u r e  1 0 ) .
In  36 tu b e  f e r m e n ta t io n s  ( 1 .5  l i t r e ) ,  e a ch  u s in g  a  d i f f e r e n t  b a tc h  
o f  w o r t ,  y e a s t  s t r a i n  Y 1 p ro d u ce d  b e e r s  w i th  a  mean s p e c i f i c  g r a v i t y  o f  
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CHANGES IN SPECIFIC GRAVITY DURING FERMENTATION OF TUBE CULTURES 
OF HYBRID STRAIN H 10 AND ITS PARENT STRAINS Y 7 AND Y 10
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FIGURE 5
CHANGES IN TFIE HEICTIT OF THE YEAST HEAD DURING FERh!ENTATION OF TUBE 
CULTURES OF HYBRID STRAIN H 10 AND ITS PARENT STRAINS Y 7 AND Y 10
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FIGURE 6
CH/NGES IN SPECIFIC GRAVITY DURING FERMENTATION OF TUBE CULTURES 
OF HYBRID STRAIN H 13 AND ITS PARENT STRAINS Y 1 AND Y 8
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FIGURE 7
CHANGES IN THE HEIŒTT OF THE YEAST HEAD DURING FERMENTATION OF TUBE CULTURES 
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FIGURE 8
CHANGES IN SPECIFIC GRAVITY ÂTD THE HEIGHT OF THE YEAST HEAD DURING FERAIENT AT I Œ
OF TUBE CULTURES OF HYBRID STRAIN H 1431 AND CCNTROL STRAIN Y 1
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FIGURE 9
CHANGES IN SPECIFIC GRAVITY AND THE HEIGHT OF THE YEAST HEAD DURING 
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O i n d i c a t e s  b e h a v io u r  o f  s t r a i n  Y 1
B  i n d i c a t e s  b e h a v io u r  o f  s t r a i n  H 1465
 i n d i c a t e s  c h a n g e s  in  s p e c i f i c  g r a v i t y
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FIGURE 10
CHANGES IN SPECIFIC GRAVITY THE HEIŒIT OF TOE YEAST HEAD IN 
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O  i n d i c a t e s  b e h a v io u r  o f  Y 1 
O i n d i c a t e s  b e h a v io u r  o f  H 1985 
  i n d i c a t e s  c h a n g es  in  s p e c i f i c  g r a v i t y
----------  in d ic a te s  changes in  th e  h e ig h t o f th e  y e a s t  head
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TABLE 17
S p e c i f i c  g r a v i t i e s ,  y e a s t  c o u n ts  and  w e t w e ig h t 
y i e l d s  a t  c o m p le tio n  o f  tu b e  c u l t u r e s  o f  h y b r id  and 
p a r e n t  s t r a i n s  o f  y e a s t
Y e a s t
s t r a i n
Com ponent F i n a l  
p a r e n t  s p e c i f i c
s t r a i n s  g r a v i ty
F i n a l  y e a s t  
c o u n t  ( i n  m i l l i o n s  
p e r  m l)
Y ie ld  o f  y e a s t  
( g  w e t w e ig h t)  




Y 7 X  Y 10 1 .010
1 .0 1 3 5
1 .0 1 5









Y 1 X  Y 8 1 .0 1 4 5
1 .0 1 5 5







H 1431 Y 7 X  Y 26 1 .0 1 3







Y 1 X  Y 26 1 .0 1 0 5







Y 7 X  Y 26 1 .0 0 8





ND i n d i c a t e s  t h a t  t h i s  was n o t  m e a su re d .
C o m p le tio n  o f  tu b e  f e r m e n ta t io n s  was c o n s id e r e d  t o  b e  when th e  
f e r m e n ta t i o n s  h ad  a  s p e c i f i c  g r a v i t y  be low  1 .0 1 2 ,  o r  when t h e  r a t e  , 
o f  f a l l  o f  s p e c i f i c  g r a v i t y  was l e s s  th a n  1 .0 0 1  i n  24 h o u r s .  T h i s  
w as n o rm a l ly  b e tw een  96 and  144 h  a f t e r  p i t c h i n g .
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C h a r a c t e r i s t i c s  i n  C a n i s t e r  C u l t u r e s  (20  l i t r e s )
H y b r id  s t r a i n s  H 1 0 , H 1 3 , H 1431 , H 1465 and H 1985 h a v e  a l l  
b een  exam ined  in  20 1 w o r t  f e r m e n ta t i o n s .  The r e s u l t s  a r e  g iv e n  in  
F ig u r e s  1 1 -1 4 . Y e a s t  H 10 , H 1431 and H 1465 a l l  a t t e n u a t e d  b e t t e r  
th a n  th e  c o n t r o l  s t r a i n .  S t r a i n s  H 10 and H 13 p ro d u ce d  b e e r s  w i th  
h ig h  r e s i d u a l  c o u n ts  ( o v e r  30 m i l l i o n  c e l l s  p e r  m l) ,  w h e re as  t h e  b e e r s  
p ro d u c e d  by th e  two f l o c c u l e n t  h y b r id s ,  H 1431 and  H 146 5 , c o n ta in e d  
low  c o n c e n t r a t io n s  o f  y e a s t  c e l l s  o f  l e s s  th a n  f i v e  m i l l i o n  c e l l s  p e r  
m l.
C e l l  S iz e s  o f  S e le c te d  H y b rid  S t r a i n s ,  P a r e n t  Y e a s ts  
and Com ponent M a tin g  S t r a i n s
The c e l l  vo lum es o f  H 1 0 , H 1 3 , H 1431 and H 146 5 , t h e i r  p a r e n t  
y e a s t  s t r a i n s  and com ponent m a tin g  ty p e s  a r e  g iv e n  in  T a b le  1 8 .
S p e c i f i c  G row th R a te s  and D u ra tio n  o f  L ag  P h a se s  o f 
G row th in  S e l e c t e d  Y e a s t  S t r a i n s
E xam ples o f  p l o t s  u se d  to  d e r i v e  g row th  r a t e s ,  g e n e r a t io n  t im e s  
and th e  d u r a t i o n  o f  l a g  p h a s e s  a r e  g iv e n  in  F ig u r e  1 5 , and s p e c i f i c  
g ro w th  r a t e s  and g e n e r a t io n  t im e s  f o r  s e l e c t e d  y e a s t s  a r e  q u o te d  in  
T a b le  1 9 .
The l a g  p h a s e s  o f  g row th  in  c u l t u r e s  o f  h y b r id  s t r a i n  H 13 and i t s  
p a r e n t  y e a s t s  Y 1 and Y 8 c a n  be  d e d u c ed  from  F ig u r e  16 a s  l e s s  th a n  15 h , 
a p p ro x im a te ly  16 h and 21 to  22 h o u rs  r e s p e c t i v e l y .
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FIGÜRE 11
CHANGES IN SPECIFIC GRAVITY AND THE COUNT OF YEAST CELLS IN SUSPENSION
50DURING FERMENTATIONS OF CANISTER CULTURES OF HYBRID
STRAIN H 10 AND CONTROL STRAIN Y 1 IN ALE WORT
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O i n d i c a t e s  b e h a v io u r  o f  s t r a i n  Y 1 
I n d i c a t e s  b e h a v io u r  o f  s t r a i n  H 10 
i n d i c a t e s  c h a n g e s  in  s p e c i f i c  g r a v i t y  
i n d i c a t e s  c h a n g es  in  th e  c o u n t o f  y e a s t  c e l l s
-1 0 2 -
FIGURE 12
CHANGES IN SPECIFIC GRAVITY mP  TOE COUNT OF YEAST CELLS IN SUSPENSION 
DURING FERMENTATIONS OF CANISTER CULTURES OF HYBRID 
STRAIN H 13 y\ND CONTROL STRAIN Y 1 IN AI.E WORT
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i n d i c a t e s  b e h a v io u r  o f  s t r a i n  Y 1 
i n d i c a t e s  b e h a v io u r  o f  s t r a i n  H 13 
i n d i c a t e s  c h a n g es  in  s p e c i f i c  g r a v i t y
------------ in d ic a te s  changes in  th e  count o f y e a s t  c e l l s
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FIGURE 13
CHANGES IN SPECIFIC GRAVITY /^D THE COUNT OF YEAST CKLI^ IN SUSPENSION 
DURING FERMENTATIONS OF CANISTER CULTURES OF HYBRID 
STRAIN H 1431 AND CONTROL STRAIN Y 1 IN ALE WORT
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O i n d i c a t e s  b e h a v io u r  o f  s t r a i n  Y 1 
B  i n d i c a t e s  b e h a v io u r  o f  s t r a i n  H 1431 
  i n d i c a t e s  ch a n g es  in  s p e c i f i c  g r a v i t y
-----------  in d ic a te s  changes in  the count o f  y e a s t  c e l l s
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FIGÜRE 14
CHANGES IN SPECIFIC GRAVITY AND THE COUNT OF YEAST CELLS IN SUSPENSION 
DURING FERMENTATIONS OF C/NISTER CULTimES OF HYBRID 
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O i n d i c a t e s  b e h a v io u r  o f  s t r a i n  Y 1
O  i n d i c a t e s  b e h a v io u r  o f  s t r a i n  H 1465
  i n d i c a t e s  c h a n g es  i n  s p e c i f i c  g r a v i t y
----------- In d ic a te s  changes in  th e  count o f y e a s t  c e l l s
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TABLE 18
• • V W W
Y e a s t
m a tin g  s t r a i n s  o f  y e a s t
A verage c e l l  
volum e in  
fim
P o s s ib l e  p lo id y
H 10 1 5 7 .5 d i p l o i d
Y 7 1 8 7 .5 d i p l o i d  o r  a n e u p lo id
Y 10 2 5 2 .5 t r i p l o i d
Y 7 a  4 8 0 .0 h a p lo id
Y 10 a  4 1 5 0 .0 d i p l o i d  o r  a n e u p lo id
H 13 2 4 4 .0 t r i p l o i d
Y 1 2 6 8 .8 t r i p l o i d
Y 8 2 7 3 .3 t r i p l o i d
Y 1 j / a  1 . 1 2 3 .3 h a p lo id  o r  a n e u p lo id
Y 8 a  6 1 9 3 .8 d i p l o i d
H 1431 2 7 5 .5 t r i p l o i d
Y 7 191 .1 d i p l o i d  o r  a n e u p lo id
Y 26 2 1 0 .3 t r i p l o i d
Y 7 a  2 7 5 .9 h a p lo id  o r  a n e u p lo id
Y 26 a / a  22
H 1465 2 2 0 .8 t r i p l o i d
Y 1 2 6 9 .7 t r i p l o i d
Y 26 2 1 0 .3 t r i p l o i d
Each a v e ra g e  v a lu e  q u o te d  i s  c a l c u l a t e d  from  t h e  a v e ra g e  l e n g th  and 
w id th  o b ta in e d  by m e a s u r in g  100 random  c e l l s  fro m  a  s t a t i o n a r y  p h a s e  
c u l t u r e .  The s ta n d a r d  d e v ia t i o n s  o f  th e  mean l e n g t h s  and w id th s ,  
e x p r e s s e d  a s  a  p e r c e n ta g e  o f  t h e  m ean, la y  be tw een  11% and 24%, 
a v e ra g e  a ro u n d  17%, T h is  c o u ld  g iv e  s ta n d a r d  d e v ia t io n s  o f  v o lu m es 
w i th in  a  p o p u la t io n  o f  c e l l s  o f  up  t o  50%.
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FIGURE 15



















Key: O s t r a i n Y 1
A s t r a i n Y 7
□ s t r a i n Y 8
V s t r a i n Y 9
m s t r a i n Y 10
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TABLE 19
S p e c i f i c PTOwth r a t e s  and mean g e n e r a t io n  t im e s o f  p a r e n t
Y e a s t
and s e l e c t e d  h y b r id s t r a i n s  o f  y e a s t
Mean 
g e n e r a t io n  
t im e  ( h )
E x p e rim e n t
S p e c i f i c  
g r o w th . r a t e
( h " i )
Y 1 1 0 .2 8 7  . 2 .4 2
Y 7 1 0 .3 5 4 1 .9 6
Y 8 1 0 .3 7 5 1 .8 5
Y 9 1 0 .4 0 1 1 .7 3
Y 10 1 0 .3 8 0 1 .8 3
Y 11 1 0 .3 9 0 1 .8 0
y  1 3 0 .4 1 5 1 .6 7
Y 8 3 0 .5 1 9 1 .3 4
H 13 3 0 .5 2 2 1 .3 3
Y 1 4 0 .5 1 7 1 .3 4
Y 26 4 0 .5 5 5 1 .2 5
H 10 4 0 .6 0 7 1 .1 4
H 1465 4 0 .6 1 2 1 .3 6
Y 1 5 , 6 0 .2 8 ,  0 .2 8 2 .5 ,  2 .5
Y 80 5 , 6 0 .3 5 ,  0 .3 7 2 ,0 ,  1 .9
H 1431 5 , 6 0 .3 8 ,  0 .3 8 1 .8 ,  1 .8
Y 1 7 0 .4 0 8 1 .7 0
Y 26 7 0 .5 0 6 1 .3 7
H 1431 7 0 .4 7 0 1 .4 8
H 1985 7 0 .3 9 6 1 .7 5
—108—
FIGURE 16
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K ey: O s t r a i n  Y 1
A  s t r a i n  Y 8 
S  s t r a i n  H 13
T  shows th e  e s t im a te d  end o f  th e  l a g  p h a se  o f  g ro w th
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G row th in  W ort o f  H y b rid  S t r a i n s , P a r e n t  Y e a s ts  
and Component M a tin g  S t r a i n s
G row th i n  w o r t  o f  h y b r id s  H 14 3 1 , H 1 4 6 5 , t h e i r  p a r e n t  y e a s t s  
and com ponent m a tin g  s t r a i n s ,  was m easu red  by  sa m p lin g  p e r i o d i c a l l y  
and e s t i m a t i n g  d ry  w e ig h t .  The r e s u l t s  o f  t h e s e  e x p e r im e n ts  a r e  g iv e n  
I n  F ig u r e s  17 an d  1 8 . T he t im e - c o u r s e  o f  g row th  o f  th e  h y b r id  s t r a i n  
i s  l i k e  t h a t  o f  t h e i r  f l o c c u l e n t  p a r e n t  Y 26 and th e  f i n a l  c e l l  c o n c e n t r a t i o n  
was f a r  g r e a t e r  th a n  t h a t  o f  e i t h e r  p a r e n t  o r  th e  com ponent m a tin g  s t r a i n s .
F e r m e n ta t io n  R a te s  o f  H y b rid s  in  W ort
When f e r m e n ta t io n  r a t e s  w ere  f i r s t  m e a su red , c o n s i s t e n t  r e s u l t s  
c o u ld  n o t  be a t t a i n e d .  I t  was th o u g h t  p o s s ib l e  t h a t  th e  p h a se  o f  g ro w th  
o f  th e  y e a s t  s t r a i n  u n d e r  t e s t ,  and t h e  c o n c e n t r a t io n  o f  c e l l s  i n  t h e  
r e s p i r o m e te r  f l a s k s  m ig h t be c r i t i c a l  f a c t o r s ,  and t h e s e  p o s s i b i l i t i e s  
w e r e ' i n v e s t i g a t e d .  I t  was shown t h a t  o p t im a l  f e r m e n ta t io n  r a t e s  i n  w o r t  
w e re  o n ly  o b ta in e d  i f  th e  c e l l s  w ere  i n  th e  l o g a r i th m ic  p h a se  o f  g row th  
(T a b le  2 0 ) and when c e l l  c o n c e n t r a t io n s  in  t h e  f l a s k  w ere  betw een  1 m i l l i o n
and 10 m i l l i o n  c e l l s  p e r  ml ( T a b le s  21 and 2 2 ) ,  Above th e  h ig h e r  co n c en ­
t r a t i o n  t h e  f e r m e n ta t io n  r a t e  d ro p s  o f f  r a p i d l y .  T h e r e f o r e ,  in  a l l  
s u b s e q u e n t  f e r m e n ta t io n  r a t e  d e te r m i n a t i o n s ,  l o g a r i t h m i c a l l y  g ro w in g  
c u l t u r e s  o f  y e a s t  c e l l s  w ere  u s e d , and c o n c e n t r a t io n s  p e r  ml o f  one  to
t e n  m i l l i o n  c e l l s  w e re  in c lu d e d  in  th e  f l a s k s  (M e th o d s , p 5 9 ) ,
The f e r m e n ta t io n  r a t e s  in  w o r t  o f  s e l e c t e d  h y b r id s  and p a r e n t  y e a s t  
s t r a i n s  a r e  g iv e n  in  T a b le  2 3 . P r o t e i n  c o n te n t s  o f  e x t r a c t s  from  y e a s t
s u s p e n s io n s  u se d  in  f e r m e n ta t io n  r a t e  d e te r m in a t io n s  w ere  a s s a y e d .
Sam ple r e s u l t s  a r e  shown in  T a b le  23 and p r e s e n te d  in  F ig u r e  1 9 .
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FIGURE 17
GRqTTH IN WORT OF HYBRID YEAST H 1431 , ITS PARENT STRAINS Y 7 AND Y 2 6 , 
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FIGURE 18
GROVrm IN WORT OF HYBRID YEAST H 1465, ITS PARENT STRAINS Y 1 AND Y 26 
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TABLE 20
F e rm e n ta t io n  r a t e s  in  w o r t ,  and p r o t e i n  c o n te n t s  o f  y e a s t  Y 1 
a t  d i f f e r e n t  s t a g e s  o f  g row th  in  w o rt c u l t u r e
^  P h a s e  o f  g ro w th  F e rm e n ta t io n  p r o t e i n
c u l t u r e  .  , .  r a t e  . .
24 h  lo g a r i th m ic  7 .7 6  4 2 .1  0 .1 8 4
24 h  l o g a r i th m ic  7 .9 3  4 4 .6  0 .1 7 8
/
48 h  e a r l y  s t a t i o n a r y  6 .3 8  3 4 .4  0 .1 8 5
72 h  l a t e  s t a t i o n a r y  2 .6 2  3 0 .2  0 .0 8 7
—113-
TABLE 21
F e rm e n ta t io n  r a t e s  o f  p a r e n t  y e a s t s  in  w o r t  a t  
d i f f e r e n t  c e l l  c o n c e n t r a t io n s
F e r m e n ta t io n  r a t e s  (p ,l C O ^m in /m g  d ry  w e ig h t)  o f  
S t r a i n  y e a s t s  w here  th e  y e a s t  c o u n t/m l o f  medium i n  t h e
r e s p i r o m e te r  f l a s k  w as;num ber
10 X  10® 20 X  10® 30 X  10®
Y 1 5 .6 5  5 .2  5 .1
Y 7 7 .4  6 .9 5  6 .2
Y 8 7 .0  6 .5 4  6 .2
Y 9 7 .0  6 .4  6 .4
Y 32 7 .7  6 .4  5 .7
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TABLE 23
F e r m e n ta t io n  r a t e s ( i n  n i  CO ^/m in/m g d ry  w e ig h t)  in  w o r t  and
p r o t e i n c o n te n t s  o f s e le c  te d ^ h y b r id s t r a i n s  and p a r e n t y e a s t s
Y e a s t
s t r a i n
E x p e rim en t
num ber
H y b rid  o f  F e rm e n ta t io n  r a t e s  
y e a s t s  (p.1 CO ^/m in/m g 
( a  X cc) d ry  w e ig h t)
P r o t e i n  c o n te n t  
( p e r c e n t  o f  
d ry  w e ig h t)
H 6 1 Y 10 X Y 8 5 .8 ND
Y 10 4 .6 ND
Y 8 6 .8 ND
H 10 Y 10 X Y 7 6 ,6 ND
H 12 Y 10 X Y 7 3 .6 ND
Y 7 6 .1 ND
H 13 2 Y 8 X Y 1 7 ,5 3&
Y 1 5 .7 30
Y 8 6 .8 32
H 14 Y 8 x  Y 32 6 .1 36
Y 32 8 .6 50
H 13 3 Y 8 X Y 1 7 .9 37
Y 1 6 .6 30
Y 8 7 .2 31
H 14 Y 8 X Y 32 6 .4 38
Y 32 1 0 .1 56
H 11 4 Y 7 X Y 10 4 .4 ND
H 12 Y 7 X  Y 10 4 .0 ND
H 29 Y 7 X  Y 10 4 .2 ND
Y 7 7 ,2 ND
Y 10 8 .2 ND
H 17 5 Y 8 X Y 43 6 .2 ND
H 21 Y 8 X Y 43 5 .4 ND
H 33 Y 8 X Y 43 3 .5 ND
Y 8 5 .4 ND
Y 43 5 .9 ND
Y 92 6 7 .9 2 3 .4
Y 140 8 .6 2 6 .7
H 1431 7 Y 26 X Y 7 7 .0 ND
Y 1 5 .2 ND
Y 80 6 .1 ND
ND I n d i c a t e s  t h a t  p r o t e i n  d e te r m in a t io n s  w ere  n o t  c a r r i e d  o u t  on t h e s e  
y e a s t  s u s p e n s io n s .
A ll  p r o t e i n  d e te r m in a t io n s  w ere  c a r r i e d  o u t in  d u p l i c a t e ;  and th e  f i g u r e  
q u o te d  i s  th e  a v e ra g e  o f  t h e  d u p l i c a t e s .
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FIGURE 19
RELATIONSHIP BETWEEN FERMENTATION RATES AND PROTEIN CONTENTS OF FIVE PARENT
YEASTS HARVESTED FROM WORT CULTURES IN THE LOGARITHMIC PHASE OF GROWTH
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F e rm e n ta t io n  R a te s  o f  H y b r id s  i n  S u g a r  S o lu t io n s
T he a b i l i t y  o f  h y b r id  y e a s t  H 1 4 3 1 , i t s  p a r e n t  y e a s t s  and com ponent 
m a tin g  s t r a i n s  t o  f e rm e n t  t h e  t h r e e  m ain  s u g a r s  i n  w o r t  ( g lu c o s e ,  m a lto s e  
and m a l t o t r i o s e )  was s tu d i e d  in  g r e a t e r  d e t a i l  u s in g  r e s p i r o m e t r y .  T he 
r e s u l t s  a r e  g iv e n  i n  T a b le  2 4 .
C h a r a c t e r i s t i c s  o f  H y b rid s  i n  P r o d u c t io n - S c a le  F e rm e n ta t io n s
L a r g e - s c a l e  f e r m e n ta t io n s  u s i n g  h y b r id  s t r a i n s  H 1 0 , H 1431 and
H 1465 w ere  c o n d u c te d  in  open  v e s s e l s  u s in g  s t r a i n s  Y 7 and Y 9 a s  th e
c o n t r o l  m ix tu r e .  The r e s u l t s  a r e  shown i n  F ig u r e s  2 0 , 21 and  2 2 .
H y b r id s  H 10 and H 1465 h ad  l a g  p h a s e s  o f  s i m i l a r  d u r a t i o n ,  fe rm e n te d  
a t  a  s i m i l a r  r a t e  t o  th e  c o n t r o l  m ix tu re  and a t t e n u a t e d  th e  w o r t  b e t t e r .  
S t r a i n  H 10 was c o m p le te ly  n o n - f l o c c u l e n t  i n  i t s  b e h a v io u r .  H y b rid  
y e a s t  H 1431 had  a  lo n g e r  l a g  p h a s e ,  and fe rm e n te d  a t  a  s i m i l a r  r a t e ,  
a t t e n u a t i n g  th e  w o r t  m ore e f f e c t i v e l y .
H y b rid  s t r a i n  H 1431 w as a l s o  t e s t e d  on a  l a r g e r  s c a l e  (4 8 0  b r l )
i n  a  s e r i e s  o f  s i x  t r i a l s .  O nly  one  o f  t h e s e  t r i a l s  i s  r e p o r t e d  i n  
t h i s  t h e s i s  ( F ig u r e  2 3 ) .  The h y b r id  y e a s t  s t r a i n  fe rm e n te d  f a s t  and 
a t t e n u a t e d  t o  th e  r e q u i r e d  l e v e l  i n  th e  f i r s t  two t r i a l s ,  b u t  in  s u b s e ­
q u e n t  f e r m e n ta t io n s  t h e  l a g  p h a se  becam e e x te n d e d  and a t t e n u a t i o n  was 
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FIGURE 20
CHANGES IN SPECIFIC GRAVITY AND THE COUNT OF YEAST CELLS IN SUSPENSION 
DURING PRODUCTION-SCALE FERMENTATIONS OF HYBRID STRAIN H 10 
AND CONTROL MIXTURE OF PARENT STRAINS Y 7 AND Y 9
W
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o  I n d i c a t e s  b e h a v io u r  o f  c o n t r o l  m ix tu re  o f  s t r a i n s  Y 7 and Y 9
@ i n d i c a t e s  b e h a v io u r  o f  s t r a i n  H 10
 I n d i c a t e s  c h a n g es  In  s p e c i f i c  g r a v i t y
 I n d i c a t e s  c h a n g es  In  th e  c o u n t  o f  y e a s t  c e l l s
The ferm entation  o f  s t r a in  H 10 was 27 b r l  In c a p a c ity , and o f  the
c o n tr o l m ixture, 168 b r l In c a p a c ity .
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FIGURE 21
CHANGES IN SPECIFIC GRAVITY DURING PRODUCTION-SCALE FERAIENT AT IONS 
OF HYBRID STRAIN H 1465 AND MIXTURE OF CONTROL STRAINS Y 7 AND Y 9
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O  I n d i c a t e s  b e h a v io u r  o f  m ix tu re  o f  c o n t r o l  s t r a i n s  Y 7 and  Y 9 
{3 i n d i c a t e s  b e h a v io u r  o f  s t r a i n  H 1465
The ferm en tation s were 60 b r l in  c a p a c ity
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FIGURE 22
CHANGES IN SPECIFIC GRAVITY DURING PRODUCTION-SCALE FERMENTATIONS OF 
HYBRID STRAIN H 1431 AND MIXTURE OF CONTROL STRAINS Y 7 AND Y 9
§
@
1 .0 4 0
1 .0 3 0  _
1 .0 2 0  -
1 . 0 1 0 _
1.000 10 20 40 50
HOURS AFTER INOCULATION
O I n d i c a t e s  b ^ a v i o u r  o f  m ix tu re  o f  c o n t r o l  s t r a i n s  Y 7 and  Y 9 
B  i n d i c a t e s  b e h a v io u r  o f  s t r a i n  H 1431
The ferm en tation s were 60 b r l in  c a p a c ity
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FIGURE 23
CHANGES IN SPECIFIC GRAVITY DURING PRODUCTION-SCALE FERMENTATIONS OF 
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O I n d i c a t e s  b e h a v io u r  o f  s t r a i n  Y 1 
Q i n d i c a t e s  b e h a v io u r  o f  s t r a i n  H 1431
The ferm en tation s were 480 b r l in  c a p a c ity
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The r e s u l t s  o f  a n a ly s e s  on b e e r s  from  H 1 4 3 1 , H 1465 and  c o n t r o l
y e a s t s  a r e  g iv e n  in  T a b le s  25 and 2 6 , A n a ly se s  w ere  n o t  c a r r i e d  o u t
on b e e r s  from  t h e  t r i a l  w i th  s t r a i n  H 1 0 , b e c a u s e  th e  b e e r  was d i f f i c u l t  
t o  c l a r i f y ,  and c o n ta in e d  h ig h  c o n c e n t r a t io n s  o f  y e a s t  c e l l s  w h ic h  would 
h av e  i n t e r f e r r e d  w ith  a n a ly s e s .  E x a m in a tio n  o f  r e s u l t s  show t h a t ,  in  
60 b r l  f e r m e n ta t io n s  b o th  h y b r id s  p ro d u c e d  s m a l le r  am ounts o f  t o t a l  f u s e l  
o i l s  i n  th e  b e e r s  th a n  th e  c o n t r o l  s t r a i n  m ix tu re  (T a b le  2 5 ) ,  an d  a ls o  
h y b r id  H 1465 p ro d u ce d  a  much lo w e r  c o n c e n t r a t i o n  o f  n - p ro p a n o l  th a n  i t s  
c o n t r o l .  H ow ever, c o n s id e r in g  t h e  480 b r l  f e r m e n ta t io n s  o f  s t r a i n  H 143 1 ,
t h e r e  was no m arked d i f f e r e n c e s  b e tw een  t h e  a n a ly s e s  o f  e x p e r im e n ta l  and
c o n t r o l  b e e r s  from  T r i a l  1 .
R e s u l t s  o f  o r g a n o le p t i c  e v a lu a t i o n s  o f  t h e  b e e r s  from  t h e s e  p ro d u c tio n *  
s c a l e  t r i a l s  a r e  p r e s e n te d  in  T a b le  2 7 . O nly  tw o t r i a l s  p ro d u c e d  b e e r s  
c o n s id e r e d  t o  h av e  a c c e p ta b le  f la v o u r s  com pared  t o  th e  c o n t r o l s ,  t h e  60 
b r l  f e r m e n ta t io n s  o f  h y b r id  s t r a i n  H 1431.


































































- 1 2 5 -
TABLE 26
A n a ly ses  on b e e r s  p ro d u ce d  in  480 b r l  f e r m e n ta t io n s  by 
h y b r id  H 1431 and c o n t r o l  y e a s t  Y 1
A n a ly s is
T r i a l 1
H 1431 Y 1
O r i g i n a l  g r a v i t y  o f  w o r t  ( s p .  g r .  u n i t s ) 1 .0 3 8 2 1 .0 3 8 3
P r e s e n t  g r a v i t y  o f  b e e r  ( s p .  g r .  u n i t s ) 1 .0 1 2 9 1 .0121
pH v a lu e 4 .0 5 4 .1 0
C o lo u r  (®EBC) 2 8 .5 2 5 .0
A lc o h o l ( p e r c e n t  v / v ) 3 .3 3 .4
( p e r c e n t  w /v ) 2 .6 2 .7
B i t t e r n e s s  (E B U n its ) 2 0 .6 2 1 .1
D ia c e ty l  c o n te n t 0 .2 8 0 .2 5
D im e th y l s u lp h id e  c o n te n t 0 .7 2 0 .9 8
A c e ta ld e h y d e  c o n te n t 1 .2 0 1 .0 0
3 -m e th y 1 -1 - b u ta n o l  a c e t a t e  c o n te n t 0 .5 0 .5
B u ta n - 2 - o l  c o n te n t 9 .9 1 1 .5
E th y l  a c e t a t e  c o n te n t 5 .0 5 .1
3 -m e th y 1 -1 - b u ta n o l  and 2 -m e th y 1 -1 - b u t a n o l  c o n te n t 4 4 .9 4 6 .2
N -p ro p a n o l c o n te n t 1 2 .8 1 3 .1
T o t a l  f u s e l  o i l  c o n te n t 5 4 .8 5 7 .7
A l l  c o n te n t s  a r e  q u o te d  a s  m g / l i t r e  e x c e p t in g  d im e th y l  s u lp h id e  w h ic h  i s  
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G e n e t l e a l  p r o p e r t i e s  o f  p a r e n t  s t r a i n s
T he  p a r e n t  y e a s t s  s e l e c t e d  f o r  t h i s  i n v e s t i g a t i o n  in c lu d e  a  r a n g e  
o f  s t r a i n s  o f  th e  genus S a c c h a ro m y c e s . some b a k e ry  o r  d i s t i l l e r y  y e a s t s ,  
b u t  i n  t h e  m ain  y e a s t s  w h ich  a r e  a t  p r e s e n t  o r  w h ich  h a v e  b een  u s e d  in  
b r e w e r i e s .  B ak e ry  and  d i s t i l l e r y  y e a s t s ,  w h ich  a r e  s t r a i n s  o f  S a c c h -  
a rom yces c e r e v i s i a e . p r e s e n t  few  p ro b le m s a s  p a r e n t  s t r a i n s , f o r  th e y  
s p o n i l a t e  r e a d i l y  ( P o w e l l ,  1958) t o  g iv e  h ig h  p r o p o r t io n s  o f  f o u r - s p o r e d  
a s c l ,  and  s p o r e s  o f  good v i a b i l i t y  and f e r t i l i t y .  B rew in g  s t r a i n s  o f  
S a c c h . c e r e v i s i a e , known a s  *ale*  y e a s t s  and u s u a l l y  c a p a b le  o f  p ro d u c in g  
y e a s t  * h e a d s ' on  b rew e ry  f e r m e n t a t i o n s , a r e  r e p o r t e d  (T h o rn e , 1951a) t o  
s p o r u l a t e  o n ly  p o o r ly .  I t  i s  w o r th  p o i n t i n g  o u t ,  h o w e v e r, t h a t  t h i s  h a s  
n o t  b e e n  f u l l y  s u b s t a n t i a t e d  by t h e  r e s u l t s  o f  a  s u rv e y  by  P o w e ll ( 1 9 6 9 ) ,  
f o r  a  r a n g e  o f  v a lu e s  o f  be tw een  0 and 70 p e r  c e n t  s p o r u l a t i o n  h a s  b een  
fo u n d  among su c h  y e a s t  s t r a i n s .  The p r e s e n t  s tu d y  r e v e a le d  s i m i l a r  v a lu e s  
t o  t h o s e  r e p o r t e d  by P o w e ll (1 9 6 9 ) r a n g in g  from  no  a p p a re n t  s p o r u l a t i o n  
a f t e r  f o u r t e e n  d a y s  on s p o r u l a t i o n  a g a r  to  80 p e r  c e n t  s p o r u l a t i o n  a f t e r  
o n ly  t h r e e  d a y s .  T h e se  p a r e n t  y e a s t s  p ro d u c e d  tw o -  and  t h r e e - s p o r e d  a s c i  
and  o n ly  r a r e l y  f o u r - s p o r e d  a s c l .  The b a k in g  and d i s t i l l i n g  s t r a i n s  o f  
S a c c h . c e r e v i s i a e  s p o r u l a t e d  t o  l e v e l s  b e tw een  30 and 60 p e r  c e n t ,  g i v in g  
h ig h  p r o p o r t io n s  o f  f o u r - s p o r e d  a s c i .  I t  i s ,  o f  c o u r s e ,  p o s s ib l e  t h a t  
h i g h e r  l e v e l s  o f  s p o r u l a t i o n  may h a v e  b e e n  a t t a i n e d  f o r  t h e s e  y e a s t s ,  
u s i n g  d i f f e r e n t  m e d ia . I t  h a s  b e e n  r e p o r t e d  ( P o w e l l ,  1969) t h a t  g lu c o s e ,  
w h ic h  i s  p r e s e n t  i n  my s p o r u l a t i o n  m edium , c a n  i n h i b i t  s p o r u l a t i o n  i n  su c h  
s t r a i n s ,  b u t  p r e l im in a r y  u n r e p o r te d  w ork i n  t h i s  l a b o r a to r y  r e v e a le d  t h a t  
t h e  g lu c o s e - c o n t a in i n g  medium fa v o u re d  s p o r u l a t i o n  o f  t h e  m ore d i f f i c u l t  
s t r a i n s .  'L a g e r ' y e a s t s ,  s t r a i n s  o f  S a c c h .  c a r l s b e r g M i s i s . w h ich  do  n o t
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c h a r a c t e r i s t i c a l l y  p ro d u c e  y e a s t  h e a d s  on b rew e ry  f e r m e n ta t i o n s ,  a r e  
r e p o r t e d  t o  s p o r u l a t e  a t  even  lo w e r  l e v e l s ,  o r  n o t  a t  a l l  (F o w e l l ,  1 9 6 9 ) .
Erneis (1 9 5 8 )  c a r r i e d  o u t  a  s u rv e y  on s i x  s t r a i n s ,  and r e p o r t e d  t h a t  th e  
a v e ra g e  l e v e l  o f  s p o r u l a t i n g  c e l l s  was f o u r  p e r  c e n t .  The mean s p o r u l a -  
t i o h  l e v e l  f o r  t h e  b re w in g  s t r a i n s  o f  S a c c h . c a r l s b e r g e n s i s  r e p o r t e d  in  
t h i s  t h e s i s  was s i m i l a r  t o  t h a t  r e p o r t e d  by  E m eis , nam ely  5 .1  p e r  c e n t  f o r  
t h e  e i g h t  s t r a i n s  t e s t e d .  T he a s c i ,w h ic h  w ere  o n e -  and  tw o -s p o re d , w ere  
p ro d u c e d  a f t e r  m ore th a n  t h r e e  d a y s  on s p o r u l a t i o n  m edium . Y e a s t  Y 43 
h a s  n o t  b e e n  in c lu d e d  in  t h i s  sum m ary, b e c a u s e  i t  i s  a  n o n -b re w in g  h y b r id  
s t r a i n ,  p ro b a b ly  d i p l o i d ,  id iic h  p ro d u c e s  f o u r - s p o r e d  a s c i  l i k e  th e  b a k in g  
and  d i s t i l l i n g  s t r a i n s .  Of t h e  p a r e n t  s t r a i n s  o f  S a c c h . c e r e v i s i a e  t h a t  
w e re  ex a m in ed , s t r a i n s  Y 9 ,  Y 1 1 , Y 86 and  Y 311 re s e m b le  b re w in g  s t r a i n s  
o f  S a c c h . c a r l s b e r g e n s i s  i n  t h a t  th e y  s p o r u l a t e  p o o r ly  and m ore s lo w ly  th a n  
t h e  o t h e r  e le v e n  s t r a i n s  o f  S a c c h . c e r e v i s i a e  t h a t  w e re  t e s t e d .
A b lo c k  in  th e  a b i l i t y  t o  p ro d u c e  v i a b l e  a s c o s p o r e s  can  t h e o r e t i c a l l y  
o c c u r  a t  a  num ber o f  d i f f e r e n t  s t a g e s .  S tu d ie s  on s y n c h ro n o u s ly  g ro w in g  
c u l t u r e s  o f  S a c c h . c e r e v i s i a e  h a v e  i n d i c a t e d  t h a t  t h e  s p o r u l a t i o n  p r o c e s s  
c a n  be  d iv id e d  i n t o  two m a jo r  s t a g e s ,  nam ely  'r e a d in e s s *  and 'com m itm ent*  • 
D u r in g  t h e  f i r s t  s t a g e ,  w h ich  i s  b ro u g ji t  a b o u t  b y  a  s h o r t  e x p o s u re  t o  s p o ru ­
l a t i o n  m edium, p r e m e io t ic  DNA s y n th e s i s  o c c u r s ,  w h ich  d i f f e r s  from  s y n th e s i s  
o f  t h i s  n u c l e i c  a c id  d u r in g  v e g e t a t i v e  g ro w th  in  t h a t  t h e  fo rm e r  u t i l i s e s  
i n t e r n a l  p o o l  p r e c u r s o r s  (S im chen  e t  a l . ,1 9 7 2 ) .  D u r in g  t h i s  p e r i o d ,  i f  
y e a s t  c e l l s  a r e  rem oved from  t h e  s p o r u l a t i o n - s t i m u l a t i n g  medium, th e y  c a n  
s t i l l  r e v e r t  t o  v e g e t a t i v e  g ro w th  im m e d ia te ly . Once th e y  h a v e  e n te r e d  
th e  •com m itm en t' s t a g e ,  th e y  m ust s p o r u l a t e .  S p o r u l a t i o n - d e f e c t i v e  
m u ta n ts  may e x h i b i t  no  (S im chen  e t  a l . ,  1972) o r  d im in is h e d  ( E s p o s i to  e t  
a l . , 1970) p r e m e o i t ic  DNA s y n th e s i s  d u r in g  th e  ' r e a d i n e s s '  s t a g e .  I t
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h a s  b e e n  d e m o n s tra te d  by  p r o d u c t io n  o f  b i n u c l e a t e  c e l l s ,  and t h e  a b se n c e  
o f  c e l l s  w i th  t h r e e  o r  f o u r  n u c l e i ,  t h a t  b lo c k in g  may o c c u r  b e f o r e  t h e  
se c o n d  m e io t ic  d i v i s i o n  h a s  o c c u r r e d  ( E s p o s i to  j e t  , 1 9 7 0 ) . R e c e n t 
a n a l y s i s  o f  t h e  c o m p le m e n ta tio n  o f  t h e s e  m u ta n ts  h a s  i n d i c a t e d  t h a t  t h e r e  
a r e  a t  l e a s t  50 -  25 s e p a r a t e  g e n e s  w h ich  can  c o n f e r  an  a sp o ro g e n o u s  
p h e n o ty p e  ( E s p o s i to  e t  a l . ,  1 9 7 0 ) . T h re e  o f  t h e  f o u r t e e n  c o m p le m e n ta tio n  
g ro u p s  u n d e r  i n v e s t i g a t i o n  by  th e s e  w o rk e rs  h av e  b een  shown t o  b e  d o m in an t 
t o  th e  w ild  t y p e .  B re w in g  s t r a i n s  may t h e r e f o r e  h a v e  m u ta te d  a t  one  o r  
m ore o f  t h e s e  l o c i  d u r in g  t h e i r  many g e n e r a t io n s  o f  v e g e t a t i v e  r e p r o d u c t io n  
and  n a t u r a l  s e l e c t i o n  i n  w o r t  f e r m e n t a t i o n s .  S to r a g e  o f  y e a s t s  f o r  p ro ­
lo n g e d  p e r io d s  i n  n o n - m e ta b o l is in g  c o n d i t io n s  on  g ro w th  m ed ia  may a l s o  
r e s u l t  i n  l o s s  o f  s p o r u l a t i n g  a b i l i t y  ( F o w e l l ,  1 9 6 9 ) .  S uch  m u ta t io n s  
c o u ld  a c c o u n t  f o r  t h e  p r o d u c t io n  o f  tw o -s p o re d  a s c i  by  th e  i n d u s t r i a l  
s t r a i n s  s tu d i e d  i n  t h i s  t h e s i s .
P r e m e io t i c  DNA s y n t h e s i s  i s  n e c e s s a r y  f o r  n o rm a l m e io s is  i n  y e a s t
c e l l s ,  d u r in g  w h ich  th e  n u c l e i  i n c r e a s e  i n  s i z e ,  and  becom e, i n  a  d i p l o i d
s t r a i n  o f  S a c c h . c e r e v i s i a e , f o u r - lo b e d ,  a s  s p in d l e  fo rm a tio n  s e p a r a t e s
th e  f o u r  h a p lo id  s e t s  o f  chrom osom es. The n u c le a r  membrane re m a in s  i n t a c t
up  t o  t h i s  s t a g e ,  (M oens, 1971) and t h e  DNA c o n te n t  o f  th e  c e l l s  i s  ro u g h ly
d o u b le d  (S im chen  e t  a l . , 1 9 7 2 ) . A t t h e  n e x t  s t a g e ,  p o s s ib l y  when th e  c e l l s
become 'c o m m itted *  to  s p o r u l a t i o n ,  t h e  n u c l e a r  membrane becom es s e p a r a te d
i n t o  f o u r  s p h e r i c a l  s e c t i o n s ,  e a ch  c o n ta i n in g  a  s p o re  n u c le u s  w h ic h , i f
d e r iv e d  from  a  n o rm a l d i p l o i d  h e te ro z y g o u s  f o r  m a tin g  ty p e ,  w i l l  c o n ta in
th e  h a p lo id  num ber o f  chrom osom es, and c o n f e r  o n ly  one m a tin g  t y p e .  The
d o u b le  membrane a ro u n d  e a c h  'p r o s p o r e '  (Lynn and M agee, 1970 ; M a rq u a rd t,
»
1963) may b e  r e s p o n s i b l e  f o r  l a y i n g  down th e  s p o r e  w a l l  ( B e c k e t t  e t  a l . .
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1 0 7 3 ) .  F a i l u r e  e i t h e r  t o  p in c h  o f f  t h e  h a p lo id  genome from  th e  f o u r -  
lo b e d  m em brane o f  t h e  n u c le u s  o r  t o  p ro d u c e  a  s p o re  c e l l  w a l l  w i l l  p r e v e n t  
fo rm a t io n  o f  m a tu re  s p o r e s ,  and may c a u s e  t h e  p r o d u c t io n  o f  t h r e e - ,  tw o -  
o r  o n e - s p o r e d  a s c i .  O b v io u s ly ,  i n  a  b re w in g  s t r a i n  w h ich  i s  e i t h e r  
t r i p l o i d  o r  a n e u p lo id ,  m u l t i p l i c a t i o n  and d i v i s i o n  o f  t h e  DNA w ould  fo l lo w  
a  d i f f e r e n t  p a t t e r n ,  f o r  t h e  m e io t i c  d i v i s i o n s  c a n n o t  b e  n o rm a l .  U nder 
t h e s e  c i r c u m s ta n c e s  s p o r e  genom es may a r i s e  id iic h  h av e  an in c o m p le te  com­
p le m e n t o f  c e r t a i n  g en es  o r  ev en  chrom osom es, and  a r e  t h e r e f o r e  in c a p a b le  
o f  p r o d u c in g  a  m a tu re  s p o r e ,  e i t h e r  b e c a u s e  th e y  la c k  g en es  w h ich  d e te rm in e  
f o r m a t io n  o f  c e l l - w a l l  m a t e r i a l s ,  o r  membrane p r e c u r s o r s ,  o r  w h ich  s im p ly  
c a n n o t  m e ta b o l i s e  t h e  i n te r m e d ia t e s  w i th  w h ich  th e y  a r e  p r o v id e d .  T h e re ­
f o r e  a s c i  c o n ta i n in g  l e s s  th a n  f o u r  s p o re s  w i l l  be  p ro d u c e d . H ow ever, 
p r o o f  o f  t h e  p r o d u c t io n  o f  s u c h  s p o r e s  i s  im p o s s ib le ,  b e c a u s e  th e y  do n o t  
s u r v iv e  beyond  t h e  a s c u s .
I n  a d d i t i o n  t o  p o o r  s p o r u l a t i n g  a b i l i t y ,  t h e  h ig h e r  p lo id y  o f  b rew ers*  
y e a s t  may be  c o r r e l a t e d  w i th  p o o r  g e rm in a t in g  a b i l i t y  o f  s p o r e s .  A verage 
s p o r e  v i a b i l i t i e s  o f  b re w in g  y e a s t s  h a v e  been  q u o te d  a s  7 .1  p e r  c e n t  f o r  
s t r a i n s  o f  S a c c h .  c e r e v i s i a e  ( J o h n s to n ,  1965) and  0 .0 7  to  20 p e r  c e n t  f o r  
s i x  p r o d u c t io n  s t r a i n s  o f  S a c c h . c a r l s b e r g e n s i s  (E m e is , 1 9 5 8 ) . My d a t a ,  
w h ich  a r e  a v a i l a b l e  o n ly  f o r  m ic ro m a n ip u la te d  c u l t u r e s  o f  s e l e c t e d  y e a s t s ,  
show v a lu e s  o f  0 and  78 p e r  c e n t  v i a b i l i t y  f o r  tw o s t r a i n s  o f  S a c c h . 
c e r e v i s i a e  and a  ra n g e  o f  15 t o  93 p e r  c e n t  v i a b i l i t y  f o r  t h e  t h r e e  s t r a i n s  
o f  S a c c h .  c a r l s b e r g e n s i s . T h e se  v a lu e s  a r e  h ig h e r  th a n  th o s e  q u o te d  in  
t h e  l i t e r a t u r e ,  b u t  o n ly  a  l i m i t e d  num ber o f  s t r a i n s  w ere  t e s t e d .  A lso  
i t  m ust b e  n o te d  t h a t  o n ly  tw o -s p o re d  a s c i  o f  t h e  s t r a i n s  o f  S a c c h . 
c a r l s b e r g e n s i s  and tw o - and  t h r e e - s p o r e d  a s c i  o f  th e  s t r a i n s  o f  S a c c h .
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c e r e v i s i a e  w e re  s u b je c t e d  t o  m ic r o m a n ip u la t io n .  The s p o r e s  from  o n e -  
s p o re d  a s c i  may h a v e  p o o r e r  v i a b i l i t i e s ,  b u t  i t  i s  d i f f i c u l t  i n  w e t-m oun t 
p r e p a r a t i o n s  u s e d  f o r  m ic ro m a n ip u la t io n  t o  d i s t i n g u i s h  them  m ic r o s c o p ic a l ly  
fro m  v e g e t a t i v e  c e l l s .
O f t h e  c u l t u r e s  o b ta in e d  by  g e rm in a t io n  o f  a s c o s p o r e s ,  w i th  th e  
e x c e p t io n  o f  t h o s e  o b ta in e d  from  th e  p r o b a b ly  d i p l o i d  d e r i v a t i v e  o f  7  9 
d e s c r ib e d  i n  t h e  R e s u l t s  s e c t i o n ,  b e tw een  22 and  100 p e r  c e n t  w e re  in c a p a b le  
o f  m a t in g .  I n  t h e  p a r e n t  s t r a i n s  w h ich  p ro d u c e  no  f e r t i l e  m a te rs  o r  w h ich  
c a n n o t  s p o r u l a t e  a t  a l l ,  p re su m a b ly  t h e  g e n e t i c  m a t e r i a l  s e g r e g a te s  so  
a b n o rm a lly  a t  m e io s is  t h a t  t h e  m a tin g  ty p e  a l l e l e s  n e v e r  s e g r e g a te  s i n g l y .  
Y e a s ts  Y 80 and  Y 3 0 7 , s t r a i n s  o f  S a c c h . c e r e v i s i a e . p ro d u c e d  a  s i g n i f i ­
c a n t l y  h ig h  p r o p o r t io n  o f  s t e r i l e  s t r a i n s ,  a  c h a r a c t e r i s t i c  o f  l a g e r  y e a s t s  
(E m e is , 1 9 5 8 ) . I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  t h e s e ,  and a l s o  t h e  n o n -  
s p o r u l a t i n g  *a le*  y e a s t s  Y 86 and Y 3 1 1 , f l o c c u l a t e  t o  th e  b a s e  o f  th e  
v e s s e l  d u r in g  a  b rew ers*  w o r t  f e r m e n ta t i o n ,  l i k e  s t r a i n s  o f  S a c c h . c a r l s ­
b e r g e n s i s  , and  do n o t  fo rm  f l o e s  w h ic h  r i s e  t o  t h e  to p  o f  th e  f e r m e n t in g  
l i q u i d ,  w h ich  i s  t h e  n o rm a l b e h a v io u r  o f  * a le*  y e a s t s .  T h e se  s t r a i n s  w h ich  
t h e r e f o r e  b e h a v e  l i k e  b o t to m - f e r m e n t in g * la g e r * y e a s t s ,  a r e  m ore f l o c c u l e n t  
th a n  m o st p r o d u c t io n  s t r a i n s  o f  S a c c h . c a r l s b e r g e n s i s . They c a n  b e  
c o n s id e r e d  t o  b e  i n te r m e d ia t e  t y p e s .
I n  a d d i t i o n ,  tw e lv e  o f  th e  p a r e n t  y e a s t s  p ro d u c e d  a  p r o p o r t io n  o f  
m a t in g  s t r a i n s  c a p a b le  o f  c o m b in in g  w i th  e i t h e r  o f  t h e  ^  o r  ^  s ta n d a r d  
ty p e s  u se d  f o r  m a t in g  ty p e  d e t e r m i n a t i o n s .  T h is  pheiom enon h a s  b een  
r e p o r t e d  p r e v io u s ly  (L in d e g re n  and L in d e g re n , 1943b; L in d e g re n , 1 9 4 5 ) .
As y e t ,  no  e x p la n a t io n  h a s  b een  f o r th c o m in g  a s  t o  t h e  o r i g i n  o f  t h e s e  ^ / a  
s t r a i n s ,  b u t  i t  i s  p r o b a b le  t h a t  th e y  a r e  • a n e u p lo id *  ( s e e  c e l l  s i z e  d a t a .
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T a b le  6 )  w i th  an  a d d i t i o n a l  chrom osom e o r  chrom osom e f ra g m e n t c a r r y i n g  
t h e  gene d e te r m in in g  t h e  se c o n d  m a t in g  t y p e .  T h is  m ig h t e x p la in  why 
th e s e  s t r a i n s ,  when m ated , o f t e n  h a v e  a  p r e f e r e n c e  f o r  s t r a i n s  o f  one 
m a t in g  ty p e ,  o n ly  m a tin g  w i th  s t r o n g l y  f e r t i l e  s t r a i n s  o f  th e  o t h e r  ty p e .
I n  f a c t ,  o f  t h e  26 &/a m a t in g  s t r a i n s  w h ich  w ere  c o m p a t ib le  w i th  m a te rs  
fro m  t h e  i n d u s t r i a l  y e a s t s ,  s e v e n  i n  p r a c t i c e  b e h av ed  a s  p u re  a  o r  o: 
s t r a i n s ,  and f o u r  h ad  a  s t r o n g  p r e f e r e n c e  f o r  o n e  m a t in g  t y p e .
F u r th e r  e x a m in a t io n  o f  th e  p r o p o r t io n s  o f  & and ot m a tin g  ty p e s  r e v e a l s  
t h a t  m ost o f  t h e  p a r e n t  s t r a i n s  o f  S a c c h . c e r e v i s i a e  a r e  h e te ro z y g o u s  f o r  
m a t in g  ty p e ,  p r o d u c in g  b o th  _a and ^  m a tin g  s t r a i n s .  The d e r i v a t i v e  o f  
s t r a i n  Y 9 d e s ig n a t e d  Y 9 - 1 ,  h o w e v e r, p ro d u c e d  m a t in g  c u l t u r e s  o n ly  o f  t h e  
_a t y p e ,  and i s  t h e r e f o r e  e i t h e r  hom ozygous f o r  m a t in g  t y p e ,  o r  p ro d u c e d  a  
m a t in g  s t r a i n s  w h ich  w e re  n o n - v ia b le  f o r  some r e a s o n .  H ow ever, i t  s p o r u -  
l a t o s  w e l l ,  w h ich  i s  n o t  u s u a l  f o r  y e a s t s  w h ich  a r e  hom ozygous f o r  m a tin g  
t y p e .  I t  i s  a l s o  l i k e l y  t h a t  some o f  t h e  y e a s t  c e l l s  d e r iv e d  from  s p o re s  
o f  t h i s  s t r a i n  w ere  c a p a b le  o f  s e l f - d i p l o i d i s a t i o n  (Roman and  S a n d s , 1 9 5 3 ) , 
t h a t  i s ,  c a r r i e d  t h e  D -gene (W inge and R o b e r ts ,  1949) and becam e d i p l o i d ,  
f o r  some o f  th e  s p o re  i s o l a t e s  o b ta in e d  c o u ld  b o th  s p o r u l a t e  and m a te .
S u ch  y e a s t s  a r e  te rm e d  ' i l l e g i t i m a t e  d i p l o i d s '  (L in d e g re n  and L in d e g re n , 
1 9 4 3 c ) .
Among th e  s t r a i n s  o f  S a c c h . c a r l s b e r g e n s i s . Y 4 3 , t h e  n o n -b re w in g  
s t r a i n ,  a n d  Y 93 a r e  b o th  h e te ro z y g o u s  f o r  m a tin g  t y p e .  The o t h e r  two 
• la g e r *  y e a s t s ,  Y 41 and Y 1 4 0 , from  w h ich  'm a t e r '  c u l t u r e s  h av e  been  
d e r iv e d  u s in g  m ic r o m a n ip u la t io n , c a n  p ro b a b ly  b e  c o n s id e r e d  a s  homozygous 
f o r  m a t in g  ty p e  l i k e  Y 9 ,  and  a g a in  o f  th e  ^  o r  a a a  t y p e .  A lth o u g h  th e s e  
s t r a i n s  d id  p ro d u c e  m a tin g  s t r a i n s  w h ich  c o u ld  m ate  w ith  th e  a  s ta n d a r d
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s t r a i n ,  a  h ig h ly  f e r t i l e  y e a s t ,  th e y  w ou ld  n o t  com bine w i th  ^  s t r a i n s  
d e r iv e d  from  o t h e r  p a r e n t  y e a s t s .  T h is  a g r e e s  w i th  r e p o r t e d  r e s u l t s  f o r  
b r e w in g  s t r a i n s  o f  S a c c h . c a r l s b e r g e n s i s  (E m e is , 1 9 5 8 ) .  H ow ever, i t  i s  
d i f f i c u l t  t o  u n d e rs ta n d  how Em eis c o n c lu d e s  t h a t  h i s  t e s t e d  s t r a i n s  o f  
l a g e r  y e a s t s  w e re  h o m o th a l l i c ,  t h a t  i s ,  hom ozygous f o r  m a tin g  t y p e ,  f o r  
h e  o b ta in e d  n o  f e r t i l e  m a t in g  s t r a i n s  o f  e i t h e r  m a t in g  ty p e  from  th em , 
b e c a u s e  t h e i r  s p o r u l a t i n g  a b i l i t y  was to o  p o o r .  T h is  c o n c lu s io n  was 
a p p a r e n t ly  b a s e d  o n ly  on t h e i r  p o o r  s p o r u l a t i n g  a b i l i t y .  I n  a d d i t i o n  
some o f  h i s  d a t a  f o r  m a tin g  y e a s t s  d e r iv e d  from  s t r a i n s  o f  S a c c h . c e r e v i s i a e  
d id  n o t  f i t  w e l l  w i th  e x p e c te d  r a t i o s  f o r  t r i p l o i d  y e a s t s ,  a l th o u g h  th e y  
w e re  a l l  ab o v e  t h e  a c c e p ta b le  f i v e  p e r  c e n t  l e v e l .  Some o f  th e  r a t i o s  h e  
o b ta in e d  m ig h t h a v e  b e e n  b e t t e r  e x p la in e d  by  t h e  h y p o th e s i s  t h a t  a  num ber o f  
th e  b re w in g  y e a s t s  h e  t e s t e d  w e re  a n e u p lo id .
T he h o m o th a ll ism  o f  t h e s e  y e a s t s  (Y 41 and  Y 140) w ould  a c c o u n t  f o r  
t h e  f a c t  t h a t  th e y  a r e  c a p a b le  o f  m a tin g  w i th  m a tin g  s t r a i n s . Such  
m a t in g  a b i l i t y  o f  y e a s t s  w i th  a  p lo id y  above  ^  h a s  b e e n  n o te d  b e f o r e  
( H a r t w e l l ,  1 9 7 0 ) .  A s i m i l a r  p ro c e d u r e  h a s  been  commonly u s e d  to  p ro d u c e  
a r t i f i c i a l  p o ly p lo id  s t r a i n s  o f  y e a s t  f o r  g e n e t i c  s t u d i e s  (M o rtim e r and 
H aw th o rn e , 1 9 6 6 ) . H ow ever, h o m o th a ll ism  h a s  b e e n  s a i d  t o  p r e v e n t  a  y e a s t  
fro m  s p o r u l a t i n g  (Roman e t  a l . . 19 5 5 ; L e u p o ld , 1956 a  and  b )  b e c a u s e  i t  may 
c a u s e  ab n o rm a l s e g r e g a t io n  o f  chrom osom es. T h is  i s  n o t  s t r i c t l y  t r u e ,  a s  
h a s  b e e n  shown f o r  a  s t r a i n  o f  S a c c h . c h e v a l i e r i  (W inge and R o b e r t s , 1 9 4 9 ) , 
f o r  c h a n c e  m e io t i c  e v e n ts  may g iv e  r i s e  t o  v i a b l e  s p o r e s .  Em eis (1 9 5 8 ) 
a c h ie v e d  s p o r u l a t i o n  o f  b o t to m - f e rm e n t in g  s t r a i n s  o f  b rew ers*  y e a s t  w h ich  
h e  assum ed w ere  hom ozygous f o r  m a t in g  t y p e .  I n  my s tu d y ,  up  t o  f i v e  p e r  
c e n t  o f  t h e  b re w in g  s t r a i n s  o f  S a c c h . c a r l s b e r g e n s i s . w h ich  a r e  commonly
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hom ozygous, s p o r u l a t e  a f t e r  a  p ro lo n g e d  p e r io d  on  a  s p o r u l a t i o n  m edium.
T h is  e m p h a s ise s  t h e  im p o r ta n c e  o f  th e  ty p e  o f  medium u s e d  f o r  s p o r u l a t i o n  
s t u d i e s ,  f o r  m o st s t r a i n s  c a n  be  in d u c e d  t o  s p o r u l a t e  t o  a  l i m i t e d  e x te n t  
i f  t h e i r  e n v iro n m e n t i s  a p p r o p r i a t e .
I t  i s  p o s s i b l e  t o  c a l c u l a t e  from  s p o r e  s e g r e g a t i o n  p a t t e r n s  t h e  l i k e l y  
p lo id y  o f  p o ly p lo id  y e a s t s .  G e n e t ic  a n a l y s i s  o f  m a t in g  p r o d u c ts  h a s  
i n d i c a t e d  t h a t  some s t r a i n s  o f  b re w in g  y e a s t s  a r e  t r i p l o i d  (E m eis and  
W in d is c h , 1960 ; J o h n s to n ,  1963) and  o t h e r s  a n e u p lo id  (W in d isc h , 1 9 6 1 ) , o r  
p o s s i b l y  a l l o p o l y p l o i d s  ( F in k ,  1 9 7 1 ) .  A l l  t h e s e  c o n d i t io n s  c o n f e r  low 
s p o r u l a t i n g  a b i l i t y  on t h e  s t r a i n s ,  and p o o r  f e r t i l i t y  and v i a b i l i t y  on 
t h e i r  s p o r e  d e r i v a t i v e s  (W in d isc h , 1 9 6 1 ) . B e c a u se  o f  t h e i r  u n even  chrom o­
some n u m b ers , ab n o rm a l s e g r e g a t io n  o f  chrom osom es o c c u r s  d u r in g  t h e  m e io t ic  
d i v i s i o n s ,  p ro d u c in g  a s c i  c o n t a i n in g  o n ly  o n e , two o r  t h r e e  s p o r e s ,  form ­
a t i o n  o f  t h e  o t h e r  s p o r e s  b e in g  In c o m p le te  b e c a u s e  th e y  h av e  n o t  t h e i r  f u l l  
g e n e t i c  com p lem en t.
H ow ever, i t  i s  d i f f i c u l t  t o  a s s e s s  th e  p lo id y  o f  a l l  t h e  b rew e ry  
y e a s t s  i n v e s t i g a t e d  i n  t h i s  s tu d y  from  th e  p r o p o r t io n s  o f  a ,  a  and  s t e r i l e  
m a t in g  c u l t u r e s  o b ta in e d  fro m  them , b e c a u s e  i n  some c a s e s  t h e  num bers o f  
s p o r e  i s o l a t e s  w ere  s m a l l .  The p e r c e n ta g e s  o f  s t e r i l e  m a tin g  s t r a i n s  
d e r iv e d  from  s t r a i n s  Y 1 ,  Y 2 6 , Y 8 0 , Y 304 and Y 307 i n d i c a t e  t h a t  t h e s e  
y e a s t s  a t  l e a s t  a r e  n o t  s im p ly  d i p l o i d ,  b u t  e i t h e r  t r i p l o i d  o r  a n e u p lo id  
o f  (2 n  + x )  o r e ( 3 n  + y )  c o n s t i t u t i o n  w h ere  n  i s  th e  h a p lo id  num ber, and x  
and y  a r e  unknown num bers o f  e x t r a  chrom osom es o r  chrom os «ne f ra g m e n ts  
l e s s  th a n  n .  H ow ever, o t h e r  * a le ' y e a s t s ,  nam ely  Y 7 ,  Y 8 and Y 1 0 , 
p ro d u c e  r a t i o s  o f  m a tin g  s t r a i n s  ( j a : o c : s t e r i l e )  c l o s e r  t o  th e  3 : 1 :2  o r  
1 : 3 :2  r a t i o s  e x p e c te d  f o r  t r i p l o i d  y e a s t s .  A d d i t io n a l  e v id e n c e  f o r  th e
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u n ev en  p lo id y  o f  t h e s e  s t r a i n s  i s  d e m o n s tra te d  by c e l l  s i z e  e s t im a t io n s  
( T a b le s  6 and 1 8 ) ,  f o r  y e a s t  s t r a i n s  o f  p lo id y  h ig h e r  th a n  2n c h a r a c t e r ­
i s t i c a l l y  g iv e  r i s e  t o  s p o r e s  w h ich  a r e  h a p lo id ,  a n e u p lo id  o r  d i p l o i d ,  
and  t h e r e f o r e  s p o re  c u l t u r e s  o f  w id e ly  d i f f e r i n g  a v e ra g e  c e l l  s i z e s .  In
a d d i t i o n  s p o r u l a t i n g  a b i l i t y  o f  p a r e n t  s t r a i n s  and  th e  v i a b i l i t y  o f  t h e
s p o r e s  p ro d u c e d  c a n  i n d i c a t e  id ie th e r  a  s t r a i n  i s  p o ly p lo id  o r  d i p l o i d ,
s i n c e  b o th  become p o o r e r  a s  t h e  p lo id y  r i s e s .
B a k in g  and d i s t i l l e r y  y e a s t s  a r e  s a id  t o  b e  e i t h e r  d i p l o i d  (P o w e l l ,  
1 9 5 8 ) o r  t r i p l o i d  (E m e is , 1 9 5 8 ) . T h o se  s t r a i n s  t e s t e d  i n  t h i s  s tu d y  
p ro d u c e d  a  p r o p o r t io n  o f  s t e r i l e  m a te r s ,  w h ich  i s  n o t  t o  b e  e x p e c te d  from  
n o rm a l d i p l o i d  s t r a i n s .  In  a d d i t i o n ,  t h e  p r o p o r t io n s  o f  _a t o  & t o  s t e r i l e  
m a t in g  s t r a i n s  f o r  y e a s t  Y 32 c l o s e l y  a p p ro x im a te s  t o  th e  3 : 1 :2  r a t i o  f o r  
an  aaoc t r i p l o i d  y e a s t . a n d ,  t h e o r e t i c a l l y ,  d i p l o i d  y e a s t s  s h o u ld  n o t  p ro d u c e  
^ a .  m a t in g  s t r a i n s .  T he n /a  s t r a i n s  w ere  ig n o re d  when c a l c u l a t i n g  th e  
r a t i o .
T h e  b i p o l a r  m a tin g  sy s te m  o f  S accharcanyces y e a s t s ,  w h ich  a r e  members 
o f  t h e  A sco m y ce tac e a e , i n d i c a t e s  t h a t  ^  m a tin g  s t r a i n s  w i l l  a lw ays h y b r id ­
i s e  w i th  oc s t r a i n s . T h is  i s  n o t  t r u e ,  f o r  a  f u r t h e r  f a c t o r ,  nam ely  
c o m p a t i b i l i t y ,  d e te rm in e s  w h e th e r  an e x p e c te d  c r o s s  w i l l  a c t u a l l y  o c c u r .  
C o m p a t ib i l i ty  can  be e x p re s s e d  a s  th e  num ber o f  a c t u a l  m a tin g s  t h a t  t a k e  
p l a c e  b e tw e en  t h e  a p p r o p r i a t e  m a tin g  s t r a i n s  d e r iv e d  f ro A  two p a r e n t  
y e a s t s  d iv id e d  by t h e  c a l c u l a t e d  num ber o f  p o s s i b l e  h y b r id s  t h a t  c o u ld  be 
fo rm e d . However c o m p a t i b i l i t y  i s  a l s o  b i a s e d  by  th e  c h a n g e  o f  m a tin g  
s t r a i n s  i n t o  s t e r i l e  fo rm s (L in d e g re n  and L in d e g re n ,  1 9 4 4 ) . E x a m in a tio n  
o f  t h e  c o m p a t i b i l i t i e s  o f  b re w in g  and  n o n -b re w in g  s t r a i n s  o f  S accharom yces
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w ith  e a c h  o t h e r  r e v e a l s  t h a t  t h e  sy s te m  i n  g e n e r a l  f a v o u r s  t h e  • o u t -  
b re e d in g *  o f  y e a s t s ,  s t r a i n s  o f  'a l e *  y e a s t s  b e in g  more c o m p a t ib le  w i th  
'l a g e r *  s t r a i n s  th a n  w i th  t h e i r  own k in d ,  and  b o th  b e in g  even  more 
c o m p a t ib le  w i th  t h e  n o n -b re w in g  s t r a i n s  (T a b le  1 2 ) .
As a l r e a d y  m e n tio n e d  (p  133) ^  s t r a i n s  from  Y 41 and  Y 140 m ated  o n ly  
p o o r ly  w i th  t h e  s ta n d a r d  s t r a i n s  an d  w ould  n o t  m ate  a t  a l l  w i th  t h e  & 
c u l t u r e s  d e r iv e d  from  p a r e n t  a l e  s t r a i n s .  The t h i r d  s t r a i n  o f  S a c c h . 
c a r l s b e r g e n s  i s  (Y 9 3 ) w h ich  w as s u b je c t e d  t o  m ic r o m a n ip u la t io n , p ro d u c e d  
m a t in g  s t r a i n s  o f  w h ich  o n ly  t h e  ^  ty p e s  m ated  e f f e c t i v e l y .  H ow ever t h e  
m ass s p o r e - i s o l a t i o n  te c h n iq u e  g av e  r i s e  t o  a  s i n g l e  ^/ac m a tin g  s t r a i n  
from  t h i s  p a r e n t  y e a s t  w h ich  m ated  a s  an  a  ty p e  I n  a l l  b u t  one c r o s s ,  
w h ic h  w as one  w i th  an  « c c e p t lo n a l ly  f e r t i l e  a  s t r a i n  from  Y 3 3 .
P h y s i o lo g i c a l  p r o p e r t i e s  o f  h y b r id  s t r a i n s  com pared  w ith  p a r e n t  y e a s t s
O b v io u s ly  t h e  g e n e t i c  b a s i s  o f  e a c h  o f  t h e  f e r m e n ta t i o n  c h a r a c t e r ­
i s t i c s  t e s t e d  i n  t h e  s m a l l - s c a l e  f e r m e n ta t i o n s  i s  c o m p lex , and  m ust b e  
c o n t r o l l e d  by  m ore th a n  one  gen e  p a i r .  F lo c c u le n c e  i s  p ro b a b ly  g o v e rn e d  
by  a t  l e a s t  t h r e e  p o ly m e r ic  g en e  p a i r s  (T h o m e , 1 9 5 1 b ) . T h is  w o rk e r  
s e l e c t e d  f o u r - s p o r e d  a s c i  from  s p o r u l a t i n g  c u l t u r e s  o f  h y b r id  s t r a i n s ,  
and exam ined  th e  f l o c c u le n c e  c h a r a c t e r i s t i c s  o f  t h e i r  a s c o s p o r e s .  The 
o b s e rv e d  num bers o f  t h e s e  a s c i  w h ich  s e g r e g a te d  e a c h  p o s s ib l e  r a t i o  o f  
f l o c c u l e n t  t o  n o n - f l o c c u l e n t  s p o r e s ,  d id  n o t ,  i n  a l l  c a s e s ,  a g re e  w e l l  
w i th  t h e  t h e o r e t i c a l  v a lu e s  o b ta in e d  by c a l c u l a t i o n .  T h o m e  (1 9 5 1 b ) 
e x p la in e d  th e  d iv e r g e n c i e s  from  t h e  e x p e c te d  v a lu e s  by p ro p o s in g  t h a t  th e  
m u ta t io n  r a t e  o f  g e n e s  c o n f e r r i n g  f lo c c u le n c e  t o  t h o s e  d e te r m in in g  n o n -  
f lo c c u le n c e  may o c c u r  a t  a  v e ry  h ig ji r a t e .  H ow ever, i t  i s  p o s s ib l e  t h a t
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h i s  a s su m p tio n  o f  a  t h r e e - g e n e  s y s te m  w as i n c o r r e c t  f o r  t h e s e  y e a s t s .
H is  o b s e rv e d  num bers m ig h t b e  b e t t e r  e x p la in e d ,  i f  o n e  c o n s id e r s  t h a t  some 
s t r a i n s  may c o n ta i n  f o u r  o r  m ore p o ly m e r ic  g en es  g o v e rn in g  f lo c c u le n c e  
c h a r a c t e r i s t i c s .
I t  i s  p o s s i b l e  t h a t  gene d o sa g e  may a c c o u n t f o r  th e  d i f f e r e n t  d e g re e s  
and ty p e s  o f  f l o c c u le n c e  fo u n d  among b re w in g  y e a s t s .  T h is  w ould  e x p la in  
how h y b r id s  o f  g r e a t e r  f lo c c u le n c e  th a n  e i t h e r  p a r e n t  s t r a i n  w e re  p ro d u c e d  
i n  my s tu d y .  The g e n e -d o s a g e  e f f e c t  was d i s c o u n te d  by T h o rn e  (1 9 5 2 )  b u t  
i t  m u st be  e m p h a s ise d  t h a t  t h e  t e s t  t h a t  h e  u s e d  t o  d i f f e r e n t i a t e  b e tw e en  
f l o c c u l e i c e  c h a r a c t e r i s t i c s  o f  y e a s t  s t r a i n s  i s  b a s e d  on s e d im e n ta t io n ,  
n o t  f lo c c u le n c e ,  an d  p ro b a b ly  d o e s  n o t  d i f f e r e n t i a t e  w e l l  b e tw e a i  y e a s t s  
o f  f lo c c u le n c e  ty p e s  I I I  and IV . S u ch  g e n e -d o s a g e  e f f e c t s  h a v e  a l s o  been  
fo u n d  among o t h e r  g e n e t i c a l l y  c o n t r o l l e d  sy s te m s  i n  y e a s t s ,  nam ely  th e  
m a l t a s e -  and  i n v e r t a s e - s y n t h e s i s i n g  s y s t a n s .  T h e re  i s  some e v id e n c e  f o r  
t h i s  d o sa g e  e f f e c t  w here m a t in g  s t r a i n s  and d e r iv e d  h y b r id s  h a v e  b e ^  
exam in ed  f o r  f lo c c u le n c e  b e h a v io u r ,  and tw o p o o r ly  f l o c c u l e n t  m a tin g  y e a s t s  
com bine  t o  form  a  m ore f l o c c u l e n t  h y b r id .  H ow ever, i t  m ust b e  e m p h a s ise d  
t h a t  i t  c a n  b e  d i f f i c u l t  t o  e s t i m a t e  t h e  f lo c c u le n c e  c h a r a c t e r i s t i c s  o f  
m a t in g  s t r a i n s .  T h is  i s  b e c a u s e  g ro w th  o f  h a p lo id  c u l t u r e s  can  g iv e  
f a l s e  r e s u l t s  (Tow nsend and L in d e g re n , 1 9 5 4 ) , f o r  th e y  form  l a r g e  'c h a i n s '  
o r  c lum ps o f  c e l l s  w h ich  c a n  b e h a v e  in  a  s i m i l a r  m anner t o  f l o e s .  S e p a r ­
a t i o n  o f  c e l l s  i s  t h e r e f o r e  n e c e s s a r y  b e f o r e  f lo c c u le n c e  d e te r m in a t io n s  
c a n  b e  m ade.
A lth o u g h  f lo c c u le n c e  i s  r e p o r t e d  t o  be  a  d o m in an t t r a i t  ( G i l l i l a n d ,  
1 9 51 ; T h o m e , 1 9 5 1 b , 1 9 5 2 ) , o v e r a l l ,  o n ly  a  s m a l l  p r o p o r t io n  o f  h y b r id s  (tw o
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p e r  c e n t )  p ro d u c e d  i n  my s tu d y  w ere  m ore f l o c c u l e n t  th a n  e i t h e r  p a r e n t ,
and  m ost o f  t h e s e  w ere  d e r iv e d  from  c r o s s e s  b e tw e en  s t r a i n s  Y 1 and Y 304
(4 9  p e r  c e n t  o f  t h e s e  h y b r i d s ) ,  Y 8 and Y 10 ( s e v e n  p e r  c e n t )  and  Y 8
c r o s s e d  w i th  Y 43 ( f o u r  p e r  c e n t ) #  M ost o f  t h e  r e m a in in g  h y b r id s  had  
f lo c c u le n c e  c h a r a c t e r i s t i c s  s i m i l a r  t o ,  o r  in te r m e d ia t e  b e tw e e n , th o s e  o f  
t h e i r  p a r e n t  s t r a i n s .  H ow ever, a  l a r g e  num ber o f  c r o s s e s  gav e  r i s e  t o  a  
p r o p o r t io n  o f  h y b r id  s t r a i n s  (13  p e r  c e n t  o f  t h e  t o t a l  n u m b e r) , w h ich  w ere  
l e s s  f l o c c u l e n t  th a n  e i t h e r  p a r e n t .  T h e se  w ere  th o s e  b e tw een  m a tin g  
s t r a i n s  d e r iv e d  from  Y 1 c r o s s e d  w i th  t h o s e  from  Y 80 and Y 304 (1 0  p e r  
c e n t  and 31 p e r  c e n t  r e s p e c t i v e l y ) ,  c r o s s e s  be tw een  Y 7 and  Y 26 m a te rs  
( f o u r  p e r  c e n t ) ,  Y 26 and  Y 80 m a te rs  ( e i g ^ t  p e r  c e i t ) ,  Y 304 m a tin g  
s t r a i n s  w i th  Y 26 and  Y 80  m a te rs  (3 2  p e r  c e n t  an d  45 p e r  c e n t  r e s p e c t i v e l y )  
and  Y 26 and Y 41 m a te rs  (1 0  p e r  c a i t ) # S t r a i n  Y 9 p ro d u c e d  m a tin g  s t r a i n s  
w h ich  g av e  n o n - f l o c c u l e n t  h y b r id s ,  and  t h e s e  v a lu e s  h av e  n o t  b e e n  in c lu d e d  
i n  t h e  c a l c u l a t i o n  o f  t h e  13 p e r  c ^ t .  I t  i s  t h e r e f o r e  e v id e n t  t h a t  
p o o r e r  f lo c c u le n c e  i s  a  m ore common e v e n t  th a n  im proved  f lo c c u le n c e ,  p o s s ­
i b l y  b e c a u s e  l e s s - f l o c c u l e n t  s t r a i n s  h av e  f a s t e r  g row th  r a t e s  and h e n c e  
w ou ld  b e  s e l e c t e d .  T h e se  v a lu e s  a r e  o b v io u s ly  to o  h ig h  to  b e  e x p la in e d  
by  s im p le  m u ta t io n  i n  f lo c c u le n c e  g e n e s  t o  g iv e  g e n e s  c o n f e r r i n g  n o n -  
f l o c c u l e n c e .  An e v e n  l a r g e r  p r o p o r t io n  (2 3 5  o u t  o f  a  t o t a l  num ber o f  252) 
o f  s e c o n d  g e n e r a t io n  h y b r id s ,  p ro d u ce d  from  m a tin g  s t r a i n s  d e r iv e d  from  
H 9 4 , H 9 5 , H 9 6 , H 98 and H 99 w i th  th o s e  from  ' a l e ! , ' l a g e r *  and b a k e ry  
y e a s t s ,  w ere  n o n - f l o c c u l e n t  (T a b le  1 5 ) .
T he anom alous b e h a v io u r  o f  s t r a i n  Y 9 ,  w h ic h  a l th o u g h  o f  ty p e  I I I  
f lo c c u le n c e  i t s e l f ,  p ro d u ce d  n o n - f l o c c u l e n t  m a tin g  s t r a i n s  t h a t  c o n f e r r e d  
p o o r  f lo c c u le n c e  on t h e i r  h y b r id s  m ig h t b e  e x p la in e d  in  a  num ber o f  w a y s .
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F i r s t l y  t h o s e  s p o re  i s o l a t e s  w h ich  can  m ate  may c a r r y  a  gene d e te r m in in g  
p r o d u c t io n  o f  a  r e p r e s s o r  m o le c u le  a c t i n g  on  th e  g a ie s  d e te r m in in g  f l o e -  
c u l e i c e .  I t  i s  a l s o  p o s s ib l e  t h a t  t h e  f lo c c u le n c e  g e n e s  c o n f e r r i n g  G roup 
I I I  f lo c c u le n c e  on th e  p a r e n t  s t r a i n  may b e  l in k e d  t o  t h e  m a tin g  t y p e ,  
and t h e r e f o r e  l o s t  i n  a l l  o f  th e  m a t in g  c u l t u r e s  and h e n c e  t h e i r  h y b r id s .
I t  i s  w o r th  n o t i n g  t h a t  t h e  oc gene h a s  b een  m apped, and  i s  on chromosome 
I I I  w i th  on e  o f  th e  g e n e s  d e te r m in in g  th e  f e r m e n ta t io n  o f  m a l to s e  (M o rtim er 
and  H a w th o rn e , 1966 , 1 9 7 3 ) .
T u r n in g  t o  t h e  h e a d -fo rm in g  a b i l i t y  o f  h y b r id  s t r a i n s ,  i t  c a n  be  s e e n  
t h a t  m ost o f  them  h av e  th e  a b i l i t y  to  form  y e a s t  h e a d s  a s  r e a d i l y  a s  t h e i r  
p a r e n t s  o r  t h e i r  a b i l i t y  t o  do so  i s  i n t e r m e d ia t e ,  w i th  o n ly  s i x  p e r  c e n t  
p ro d u c in g  s m a l le r  h e a d s , and 3 ,6  p e r  c e n t  l a r g e r  o n e s .  T h is  c h a r a c t e r ­
i s t i c  m u s t, o b v io u s ly ,  b e  g o v e rn e d  by a  num ber o f  g e n e s , s i n c e  h y b r id s  c a n  
b e  o b ta in e d  w h ich  h av e  h e a d - fo rm in g  c h a r a c t e r i s t i c s  v e ry  d i f f e r e n t  from  
t h e i r  p a r e n t  s t r a i n s  ( f o r  e x a m p le , n o n -h ea d  fo rm in g  h y b r id s  from  h e a d -  
fo rm in g  p a r e n t  y e a s t s  Y 1 and Y 7 ,  and s t r o n g - h e a d  fo rm in g  h y b r id s  from  
b o t to m - f e rm e n t in g  s t r a i n s  Y 26 and Y 8 0 ) .  I t  i s  a g a in  p o s s i b l e  t h a t  
f a c t o r s  w h ich  c o n t r o l  t h e  fo rm a tio n  o f  a  y e a s t  h e a d  a r e  a d d i t i v e  i n  e f f e c t .  
E x am in in g  t h e  h e a d - fo rm in g  a b i l i t i e s  o f h y b r id s  and  c o m p a rin g  th a n  w ith  
t h e i r  f lo c c u le n c e  b e h a v io u r ,  i t  i s  e v id e n t  t h a t  t h e  c a p a c i ty  t o  form  a  
h ead  i s  n o t  l in k e d  w ith  any  p a r t i c u l a r  ty p e  o f  f l o c c u le n c e  c h a r a c t e r i s t i c .
A m ore d e t a i l e d  m ic ro s c o p ic  e x a m in a t io n  o f  t h e  c h a in -  and  f lo c - f o r m in g  
b e h a v io u r  o f  t h e  y e a s t s ,  a s  in  t h e  t e c h n iq u e  o f  G i l l i l a n d  ( 1 9 5 7 ) ,  m ig h t 
th ro w  m ore l i g h t  on t h i s  s u b j e c t .
A l a r g e  p r o p o r t io n  o f  th e  h y b r id  s t r a i n s  p ro d u ce d  in  my s tu d y  (19 p e r  
c e n t .  T a b le  14 ) h av e  p o o r e r  a t t é n u a t i v e  a b i l i t y  th a n  e i t h e r  p a r e n t  s t r a i n .
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and  o n ly  a  few  ( f i v e  p e r  c e n t )  w e re  a b le  to  f e rm e n t  b rew ers*  w o r t  to  a  
lo w e r  s p e c i f i c  g r a v i t y  th a n  t h e i r  p a r e n t s .  I t  i s  w id e ly  b e l i e v e d  t h a t
a t t e n u a t i v e  a b i l i t y  o f  a  y e a s t  s t r a i n  i s  r e l a t e d  t o  t h e  e f f i c i e n c y  o f  th e
(
sy s te m  g o v e rn in g  t h e  f e r m e n ta t io n  o f  m a l to s e  and m a l t o t r i o s e .  T h is  w ould  
i n d i c a t e  t h a t  a  h ig h  p r o p o r t io n  o f  t h e  h y b r id s  may h av e  a  l e s s  e f f i c i e n t  
m a l t o t r i o s e  p e rm e ase  s y s te m , o r  t h a t  t h e i r  p o ly m e r ic  gene sy s te m  c o n t r o l ­
l i n g  f e r m e n ta t io n  o f  m a l to s e  and m a l t o t r i o s e  (O e s e r  and W in d is c h , 1964) 
h a s  fe w e r  g e n e s , t h a t  i s ,  lo w e r  g a ie  d o s a g e , th a n  t h e i r  p a r e n t  s t r a i n s .
An a l t e r n a t i v e  e x p la n a t io n  i s  t h a t  th e  p h y s ic a l  b e h a v io u r  o f  y e a s t  c e l l s  
d u r in g  f e r m e n ta t io n  may in f l u e n c e  t h e i r  a b i l i t y  t o  fe rm e n t  w o r t  down t o  a  
low  a t t e n u a t i o n  g r a v i t y .  When t h e  a t t e n u a t i v e  a b i l i t y  and  f lo c c u le n c e  
c h a r a c t e r i s t i c s  o f  h y b r id s  w ere  exam ined  ( s e e  /^ p e n d ix  I ) ,  i t  was o b v io u s  
t h a t ,  w h ere  a  h ig h  p r o p o r t io n  o f  h y b r id s  a r e  f l o c c u l e n t  ( t h a t  i s ,  i n  
G roups I I I  and I V ) ,  t h e r e  i s  a  l a r g e r  p e r c e n ta g e  o f  h y b r id  s t r a i n s  w h ich  
h a v e  medium o r  p o o r  a t t e n u a t i v e  a b i l i t y .  W here l a r g e  num bers o f  h y b r id s  
p ro d u c e d  from  one. p a i r  o f  p a r e n t  s t r a i n s  a r e  p o o r ly -  o r  n o n - f l o c c u l e n t  
(G ro u p s  I I  and I  r e s p e c t i v e l y ) ,  a  s i m i l a r  p r o p o r t io n  o f  th o s e  y e a s t s  hav e  
good a t t e n u a t i n g  p r o p e r t i e s .  T h is  f i n d i n g  i s  t o  be  e x p e c te d  f o r ,  when 
y e a s t  c e l l s  f l o c c u l a t e ,  t h e y  a r e  rem oved from  s u s p e n s io n  d u r in g  f e r m e n ta t ­
io n  and  a r e  l e s s  a b le  t o  f e rm e n t  th e  r e m a in in g  s a c c h a r id e s  i n  t h e  w o r t .
I t  i s  n o t  t r u e ,  h o w ev er, t o  s a y  t h a t  a l l  p o o r ly  f l o c c u l e n t  y e a s t s  a r e  
a t t e n u a t i v e ,  o r  v i c e  v e r s a  f o r ,  a s  a l r e a d y  m e n tio n e d , a t t e n u a t i v e  a b i l i t y  
i s  c o n t r o l l e d  by  o t h e r  f a c t o r s ,  in c lu d in g  th e  p o ly m e r ic  gene sy s te m s  
r e s p o n s i b l e  f o r  t h e  f e r m e n ta t io n  o f  m a l to s e  and m a l t o t r i o s e .
T he d u r a t i o n  o f  t h e  l a g  p h a s e  o f  g row th  o f  t h e  m a jo r i ty  o f  h y b r id  
s t r a i n s  i s  s i m i l a r  t o ,  o r  in te r m e d ia t e  b e tw e e n , th o s e  o f  t h e i r  p a r e n t
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y e a s t s ,  b u t  a  p r o p o r t io n  (1 8  p e r  c @ it)  had  a  lo n g e r  l a g  and a  few  ( 1 .8  p e r  
c e n t )  a  s h o r t e r  l a g  p h a s e  th a n  e i t h e r  p a r e n t  s t r a i n .  T he d u r a t i o n  o f  l a g  
p h a s e  i n  a  b rew e ry  f e r m e n ta t io n  i s  c o n t r o l l e d  by a  num ber o f  f a c t o r s .
T he t im e  ta k e n  f o r  y e a s t  f l o e s  t o  become d i s p e r s e d  and th e  p e r io d  o f  t im e  
t a k e n  f o r  e s s e n t i a l  g en es  d e te r m in in g  t h e  p r o d u c t io n  o f  in d u c ib le  enzym es 
t o  b e  d e r e p r e s s e d  a r e  t h e  m ost im p o r ta n t  o f  t h e s e .  H ow ever t h e r e  i s  no  
e v id e n c e  t h a t  any o f  th e  enzym es t h a t  c a t a l y s e  r e a c t i o n s  in v o lv e d  in  s u g a r  
f e r m e n ta t i o n  a r e  i n d u c i b l e ,  a l th o u g h  some o f  t h e  genes  t h a t  g o v e rn  s y n t h e s i s  
o f  enzym es in v o lv e d  in  g ro w th  a lm o s t c e r t a i n l y  r e q u i r e  d e - r e p r e s s i o n .  In  
a d d i t i o n ,  y e a s t  c e l l s ,  grow n u n d e r  n e a r  a n a e r o b ic  c o n d i t i o n s ,  su c h  a s  a  
b re w e ry  f e r m e n ta t i o n ,  c a n n o t  a lw ay s s y n t h e s i s e  s u f f i c i e n t  membrane c o n s t i ­
t u e n t s  f o r  a c t i v e  g ro w th  t o  o c c u r .  F o r e x a m p le , an  im p o r ta n t  membrane 
co m p o n en t, nam ely  e r g o s t e r o l ,  r e q u i r e d  f o r  g row th  u n d e r  a n a e r o b ic  o r  m ic r o -  
a e ro % )h llic  c o n d i t i o n s ,  c a n  o n ly  b e  s y n th e s i s e d  i n  th e  p r e s e n c e  o f  oxygen 
(A n d re a s en  and  S t i e r ,  1 9 5 3 ) . S y n th e s i s  o f  s u c h  compounds m ust o c c u r  e a r l y  
i n  a  b re w e ry  f e r m e n ta t i o n ,  when oxygen i s  p l e n t i f u l ,  s o  t h a t  g row th  can  
p ro c e e d  when s u p p l i e s  o f  th e  g a s  become d e p l e t e d ,  and t h i s  p e r io d  o f  
s y n th e s i s  w i l l  fo rm  p a r t  o f  t h e  l a g  p h a s e  o f  g ro w th .
C e l l s  o f  a  s t r o n g l y  f l o c c u l e n t  t y p e ,  when r e - i n o c u l a t e d  i n t o  f r e s h  
b rew e rs*  w o r t ,  t a k e  an e x te n d e d  t im e  t o  d i s p e r s e .  S u ch  a  y e a s t  s t r a i n  
o f t ^  h a s  a  p r o lo n g e d  l a g  p h a s e  o f  g ro w th  b e c a u s e ,  u n t i l  d i s p e r s e d  i t  c a n ­
n o t  fe rm e n t o p t im a l l y .  E x am in in g  t h e  r e s u l t s  su m m arised  i n  A ppendix  I ,  i t  
i s  ^ p a r e n t  t h a t ,  w here  a  l a r g e  p r o p o r t io n  o f  h y b r id s  a r e  o f  G roup I I I  o r  
IV  f l o c c u l e n c e ,  a  s m a l l  p r o p o r t io n  o n ly  o f  t h e  t o t a l  h y b r id s  h a v e  s h o r t  
l a g  p h a s e s .  A lso  w h ere  a  m a jo r i t y  h a v e  b e e n  d e s ig n a te d  a s  h a v in g  p o o r 
f lo c c u le n c e  (G roup  I  and I I )  a  s i m i l a r  p r o p o r t io n  h a v e  s h o r t -  o r  m edium -
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l e n g t h  l a g  p h a s e s .  H ow ever, a s  w i th  a t t e n u a t i v e  b e h a v io u r ,  t h e r e  a r e  
some n o t a b l e  e x c e p t io n s .  F o r  e x a m p le , among th e  h y b r id s  be tw een  y e a s t s  
Y 1 and Y 9 ,  a l l  n o n - f l o c c u l e n t ,  t h e r e  a r e  a  p r o p o r t io n  o f  h y b r id s  ( 1 6 .7  
p e r  c e n t )  w i th  lo n g  l a g  p h a s e s ,  l i k e  s t r a i n  Y 1 .  A l l  h y b r id s  d e r iv e d  
fro m  p a r e n t s  Y 1 and  Y 26 w ere  f l o c c u l e n t ,  b u t  1 0 .8  p e r  c e n t  h av e  s h o r t  
l a g  p h a s e s .  V ery  few  c r o s s e s  seem t o  g iv e  a  p r o p o r t io n  o f  h y b r id s  w ith  
l a g  p h a s e s  s h o r t e r  th a n  e i t h e r  p a r e n t  y e a s t  s t r a i n  -  o n ly  t h o s e  be tw een  
m a t in g  s t r a i n s  d e r iv e d  from  Y 1 an d  Y 3 0 4 , Y 1 and Y 9 3 , and  Y 1 and  Y 140 
-  a l l  o f  w h ich  a r e  c r o s s e s  be tw een  to p - f e r m e n t in g  f l o c c u l e n t  y e a s t  Y 1 and 
b o t to m - f e rm e n t in g  s t r a i n s  w h ich  a r e  p o o r ly  f l o c c u l e n t .
I t  i s  a p p a r e n t ly  a  m ore common e v e n t  f o r  s t r a i n s  w i th  lo n g e r  l a g  
p h a s e s ,  t h a t  i s  w i th  e x te n d e d  p e r io d s  f o r  d e - r e p r e s s i o n  o f  enzym e s y n t h e s i s ,  
t o  be  p ro d u c e d . E ig h te e n  o u t  o f  t h e  59 p o s s i b l e  d i f f e r e n t  c o m b in a tio n s  o f  
m a t in g  s t r a i n s  d e r iv e d  from  two p a r e n t  s t r a i n s  g av e  a  p r o p o r t io n  o f  h y b r id s  
w i t h . t h i s  l e s s  f a v o u r a b le  t r a i t .  I n  f a c t ,  o v e r a l l  t r e n d s  among h y b r id s  
a r e  to w a rd s  l e s s  d e s i r a b l e  b e h a v io u r ,  f o r  o v e r a l l  m ore h y b r id s  h av e  a l s o  
b een  p r e p a r e d  w h ich  h av e  p o o r e r  a t t e n u a t i v e  a b i l i t y  th a n  t h e i r  p a r e n t  
s t r a i n s .
S i m i la r  d i v e r g e n c i e s  o f  b e h a v io u r  o f  h y b r id s  w ere  d e m o n s tra te d  when 
th e  f e r m e n ta t io n  c a p a c i ty  o f  s e l e c t e d  s t r a i n s  was exam ined  r e s p i r o m e t r i c -  
a l l y ,  f o r  some fe rm e n t  w o r t  a t  a  f a s t e r  r a t e  th a n  e i t h e r  p a r e n t ,  and o t h e r s  
m ore s lo w ly  (T a b le  2 3 ) .  T h is  a g a in  e n p h a s i s e s  th e  a d d i t i v e  an d  s u b t r a c ­
t i v e  e f f e c t  o f  t h e  p o ly m e r ic  g en es  c o n t r o l l i n g  t h e  f e r m e n ta t io n  o f  t h e  
d i -  and t r i - s a c c h a r i d e s  i n  w o r t .  G ene d o sa g e  c a n  e?q>lain  how h y b r id  
s t r a i n s  w i th  f a s t e r  f e r m e n ta t io n  r a t e s  th a n  e i t h e r  p a r e n t  y e a s t  c a n  be 
p ro d u c e d . The p a r e n t  s t r a i n s  c a n  g iv e  r i s e  t o  m a t in g  s t r a i n s  e a c h  co n ­
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t a i n i n g  g en es  f o r  t h e  p r o d u c t io n  o f  m a l ta s e  ( a - D - g lu c o s ld e  g lu c o h y d r o la s e ) , 
p re su m a b ly  n o t  a l l  a t  th e  same l o c i  i n  th e  two c o m p a t ib le  m a tin g  s t r a i n s ,  
and t h e r e f o r e  t h e  h y b r id  can  c o n ta in  m ore g e n e s  f o r  m a l ta s e  p r o d u c t io n  
th a n  e i t h e r  p a r e n t  y e a s t .  P r o d u c t io n  o f  h y b r id  o f f s p r i n g  w ith  p o o r e r  
f e r m e n ta t i o n  r a t e s  th a n  e i t h e r  p a r e n t  i n d i c a t e s  t h a t  a t  l e a s t  one  o f  t h e  
g en e  l o c i  d e te r m in in g  f e r m e n ta t io n  o f  m a l to s e  and  m a l t o t r i o s e  a r e  p r e s e n t  
i n  t h e  h e te ro z y g o u s  s t a t e  in  o n e  o r  b o th  p a r e n t  s t r a i n s .  T h is  w ould  mean 
t h a t  m a tin g  s t r a i n s  c o u ld  be p ro d u c e d  w ith  one o r  more o f  t h e s e  f e r m e n ta t io n  
g e n e s  a b s e n t .
T h e re  i s  a l s o  an  i n t e r e s t i n g  l i n k  b e tw een  f e r m e n ta t io n  r a t e  and  p r o t e i n  
c o n t e n t ,  w h ich  seem s t o  b e  p r o p o r t i o n a l  f o r  y e a s t  c e l l s  grov/n u n d e r  t h e  
same c o n d i t i o n s ,  i n  t h e  l o g a r i th m ic  p h a s e  o f  g ro w th  ( F ig u r e  1 9 ) .  T h is  
a g r e e s  w i th  T h o m e ’ s  f in d i n g s  o f  a  r e l a t i o n s h i p  b e tw een  f e r m e n ta t io n  r a t e  
an d  y e a s t  n i t r o g e n  c o n te n t  (T h o rn e , 1 9 5 4 ) . T h e re  i s  a l s o  a  c o r r e l a t i o n  
b e tw een  th e  p r o t e i n  c o n te n t  o f  a  s i n g l e  s t r a i n  o f  y e a s t  and  i t s  f e r m e n ta t ­
iv e  c a p a c i ty  a t  d i f f e r e n t  s ta g e s  o f  g ro w th . E x a m in a tio n  o f  t h e  f i g u r e s  
q u o te d  i n  T a b le  20 shows t h a t  one  c a n  t h e r e f o r e  e x t r a p o l a t e  back  t o  a  b a s a l  
p r o t e i n  l e v e l  a t  w hich  f e r m e n t a t i v e  c a p a c i ty  o f  a  y e a s t  s t r a i n  i s  n i l .
T h is  c o u ld  p re su m a b ly  r e p r e s e n t  a  l e v e l  o f  s t r u c t u r a l  p r o t e i n s  and c o n s ­
t i t u t i v e  enzym es i n  t h e  y e a s t  c e l l .  The r a t i o  o f  f e r m e n ta t i o n  r a t e  to  
p r o t e i n  c o n te n t  i s  n o t  c o n s ta n t  f o r  a  p a r t i c u l a r  b a tc h  o f  medium u n l e s s  
a l l  t h e  y e a s t s  a r e  in  th e  lo g a r i th m ic  g ro w th  p h a s e , and i s  t h e r e f o r e  u n l ik e  
t h e  ' f e r m e n ta t io n  e f f i c i e n c y *  o f  T h o m e  (1 9 5 4 ) .
S e l e c t e d  h y b r id s  w e re  exam ined  in  g r e a t e r  d e t a i l  f o r  t h e i r  fe rm e n ­
t a t i o n  r a t e s  i n  d e f in e d  m ed ia . E x a m in a tio n  o f  t h e  a b i l i t i e s  o f  h y b r id  
s t r a i n  H 143 1 , i t s  p a r e n t  y e a s t s  and  com ponent m a tin g  s t r a i n s ,  t o  f e rm e n t
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t h e  m ain  s a c c h a r id e s  t h a t  o c c u r  i n  b rew ers*  m a lt  w o r t  showed o b v io u s  
d i f f e r e n c e s .  The h y b r id  y e a s t  f e rm e n te d  g lu c o s e  a s  r a p i d l y  a s  t h e  m ore 
f l o c c u l e n t  p a r e n t  Y 2 6 , m a l to s e  m ore r e a d i l y  t h a n  e i t h e r  p a r e n t ,  and  
m a l t o t r i o s e  a s  w e l l  a s  t h e  l e s s  f l o c c u l e n t  p a r e n t ,  u n d e r  sh a k e n  a n a e r o b ic  
c o n d i t i o n s  i n  t h e  r e s p i r o m e te r .  S im i la r  im provem en ts  hav e  a l r e a d y  been  
e x p la in e d  i n  t h i s  D is c u s s io n  i n  te rm s  o f  t h e  g e n e -d o s a g e  e f f e c t .  T he 
h y b r id  H 1431 a l s o  h ad  a  s i m i l a r  maximum s p e c i f i c  g ro w th  r a t e  i n  w o r t  t o  
i t s  p a r e n t  s t r a i n  Y 2 6 , a  c h a r a c t e r i s t i c  w h ich  may b e  l in lœ d  to  t h e  r a t e  
o f  f e r m e n ta t io n  o f  g lu c o s e  ( T a b le  1 9 ) .  T h e se  d a t a  w ould  i n d i c a t e  t h a t  
s t r a i n  H 1431 s h o u ld  a t t e n u a t e  w o r t  w e l l ,  and f e rm e n t  f a s t ,  w h ich  was shown 
i n  l a b o r a t o r y - s c a l e  t e s t s  and p r o d u c t io n  t r i a l s  ( s e e  F ig u r e s  8 ,  1 3 , 22 and 
2 3 , and T a b le s  16 and  1 7 ) .  The e f f i c i e n c y  o f  t h e  s t r a i n  i s  a c c e n tu a te d  
by  th e  f a c t  t h a t  i t ,  and a l s o  h y b r id  H 1465 , b o th  r e a c h  h ig h e r  c e l l  c o n c e n ­
t r a t i o n s  e a r l i e r  i n  w o r t  f e r m e n ta t io n s  th a n  e i t h e r  o f  t h e i r  p a r e n t  s t r a i n s  
( F ig u r e s  17 and  1 8 ) .  U n f o r tu n a te ly  t h e  f u l l  a t t e n u a t i v e  p o t e n t i a l  o f  
s t r a i n  H 1431 c a n n o t  be r e a l i s e d  b e c a u s e  o f  i t s  e x c e s s iv e  f lo c c u le n c e ,  
w h ic h  w ould b e  in c r e a s e d  by th e  b re w e ry  p r a c t i c e  o f  *b o t to m -c r o p p in g * , t h a t  
i s ,  h a r v e s t i n g  th e  y e a s t  from  t h e  b a s e  o f  th e  v e s s e l  f o r  r e p i t c h i n g .
I t  i s  a l s o  e v id e n t  t h a t  c o m p o s i t io n  o f  a  p re g ro w th  medium c a n  h a v e  a  
m arked  e f f e c t  on t h e  r a t e  o f  f e r m e n ta t io n  o f  s u g a r s ,  a s  shown in  t h e  d i f ­
f e r e n c e  b e tw een  th e  v a lu e s  f o r  th e  two e x p e r im e n ts  i n  T a b le  2 4 . T h e se  
e x p e r im e n ts  w ere  c a r r i e d  o u t  u n d e r  e x a c t l y  th e  sam e c o n d i t io n s  e x c e p t  t h a t  
d i f f e r e n t  b a tc h e s  o f  a l e  w o r t  w ere  u s e d  to  grow up  th e  y e a s t  s t r a i n  b e f o r e  
th e  e x p e r im e n t .  Such  d i f f e r e n c e s  i n  b e h a v io u r  o f  y e a s t s  a r e  commonly 
n o t i c e d  in  b r e w e r ie s ,  w h e re  ch an g es  in  m a l t  q u a l i t y  may d e c r e a s e  o r  i n c r e a s e  
f e r m e n ta t io n  t im e  t o  s i g n i f i c a n t  e x t e n t s .
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The r e s u l t s  o b ta in e d  in  t h e s e  e x p e r im e n ts  can  a l s o  b e  u se d  t o  
c a l c u l a t e  t h e  l e n g th  o f  e a c h  p h a se  o f  f e r m e n ta t io n  in  w o r t ,  a ssu m in g  
a v e ra g e  c o u n ts  o f  c a  25 m i l l i o n  c e l l s  p e r  ml d u r in g  th e  p e r io d  o f  fe rm en ­
t a t i o n  o f  g lu c o s e  and m a l t o t r i o s e ,  and a p p ro x im a te ly  50 m i l l i o n  c e l l s  p e r  
ml w h i le  m a l to s e  i s  b e in g  m e ta b o l i s e d .  A pprox im ate  c o n c e n t r a t io n s  o f  t h e  
s u g a r s  i n  b rew ers*  a l e  w o r t  o f  s p .  g r .  1 .0 4 0  a r e  one p e r  c e n t  g lu c o s e ,  
f o u r  t o  f i v e  p e r  c e n t  m a l to s e  and one p e r  c e n t  m a l t o t r i o s e  (M acW illiam , 
1 9 6 8 ) . I n  a d d i t i o n  i t  m ust b e  n o te d  t h a t  t h e  r a t e s  o f  f e r m e n ta t io n  o f  
g lu c o s e  a r e  n o t  n e c e s s a r i l y  a  t r u e  r e p r e s e n t a t i o n  o f  t h e  r a t e s  i n  w o r t ,  
b e c a u s e ,  f o r  th e  p u rp o se s  o f  my e x p e r im e n ts ,  a  c o n c e n t r a t io n  o f  f o u r  p e r  
c e n t  g lu c o s e  was u s e d .  C a l c u l a t i o n s  from  t h e  r e s u l t s  f o r  c o n t r o l  s t r a i n  
Y 1 i n  t h e  se co n d  e x p e r im e n t ,  h ow ever, g iv e  a  p e r io d  o f  g lu c o s e  fe rm en ­
t a t i o n  o f  a ro u n d  10 h o u r s ,  o f  m a l to s e  f e r m e n ta t i o n ,  26 h o u r s ,  and an 
e s t im a te d  d u r a t i o n  o f  m a l t o t r i o s e  m e ta b o lism  o f  a p p ro x im a te ly  42 h o u r s ,  
g iv in g  a  t o t a l  f e r m e n ta t io n  t im e  (a s s u m in g  t h e  s u g a rs  a r e  u s e d  s e q u e n t- ?  
i a l l y ) ,  o f  a p p ro x im a te ly  78 h o u r s .  T h is  v a lu e  a g re e s  w e l l  w i th  t h e  r e p o r t e d  
a c t u a l  b re w e ry  f e r m e n ta t io n  t im e  o f  b e tw een  70 and 80 h o u rs  ( F ig .  2 3 ) .
F o r  h y b r id  s t r a i n  H 1431 , t h e s e  v a lu e s  c a n  b e  e s t im a te d  a t  8 ,  24 and  28 
h o u rs  r e s p e c t i v e l y ,  t o t a l l i n g  60 h o u r s ,  a  f i g u r e  c l o s e  t o  t h a t  a t t a i n a b l e  
in  p r e l im in a r y  p r o d u c t io n - s c a l e  t r i a l s  u s in g  t h i s  h y b r id  ( F ig .  2 3 ) .  I t  
m ust b e  e m p h a s ise d  t h a t  i n  t h e s e  r e s p i r o m e t r i c  e x p e r im e n ts  t h e  e f f e c t  o f 
f lo c c u le n c e  w ould  h av e  b een  e l im in a te d  by  s h a k in g .
As m e n tio n e d  b e f o r e ,  a  m ost im p o r ta n t  c o n s id e r a t i o n  when s e l e c t i n g  a  
y e a s t  s t r a i n  f o r  u s e  i n  a  b rew ery  i s  t h e  f la v o u r  t h a t  th e  s t r a i n  p ro d u c e s  
i n  a  b e e r .  A n a ly se s  o f  th e  b e e r s  p ro d u c e d  by e x p e r im e n ta l  y e a s t s  r e v e a l s
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t h a t ,  com pared  w i th  th e  c o n t r o l  m ix tu re  Y 7 and Y 9 ,  w hich  i s  u s e d  in  
p r o d u c t io n  a t  one b rew e ry  in  t h i s  c o u n t r y ,  th e  h y b r id s  gave r i s e  t o  d e c ­
r e a s e d  c o n c e n t r a t io n s  o f  t o t a l  f u s e l  o i l s  ( t h e  sum o f  th e  c o n c e n t r a t io n s  
o f  b u t a n - 2 - o l ,  3 m e th y l- 1 - b u ta n o l  and 2 m e th y l - 1 - b u ta n o l )  and h ig h e r  
c o n c e n t r a t io n s  o f  3 - m e t h y l - l - b u ty l  a c e t a t e .  P r o d u c t io n  o f  f u s e l  a lc o h o l s  
i s  l in k e d  t o  n i t r o g e n  m e ta b o lis m , f o r  h ig h e r  c o n c e n t r a t io n s  a r e  p ro d u c e d
*t H fflf
when n i t r o g e n o u s  n u t r i e n t s  i n  t h e  w o r t  become l i m i t i n g  (A y ra p a a , 1 9 7 3 ) .
I t  i s  p o s s ib l e  t h a t  th e  tw o h y b r id  s t r a i n s ,  H 1431 and  H 146 5 , h av e  a  
som ew hat d i f f e r e n t  n i t r o g e n  m e ta b o lism  o r  f a s t e r  a m in o -a c id  tu r n o v e r  r a t e s  
th a n  t h e  c o n t r o l  y e a s t  s t r a i n s , and h e n c e  rem ove n i t r o g e n - c o n t a i n i n g  com­
pounds from  t h e  w o r t  m ore s lo w ly .  E s t e r  p r o d u c t io n  i s  l in k e d  w i th  l i p i d  
m e ta b o lis m , f o r  u n s a tu r a te d  9 ( c i s ) - f a t t y  a c id s  s t r o n g l y  d e p r e s s  t h e
M M tfti
f o rm a tio n  o f  t h e s e  com pounds (A y ra p a a , 1 9 7 3 ) , and  t h e i r  s a t u r a t e d  c o u n te r ­
p a r t s  s t i m u l a t e  t h e  p r o d u c t io n  o f  a c e t a t e  e s t e r s .  T h e r e f o r e  th e  h y b r id  
y e a s t s  may a l s o  h av e  a l t e r e d  e s t e r  m e ta b o lis m , when com pared w i th  t h e  
c o n t r o l  s t r a i n s .  I t  i s  p o s s ib l e  t h a t  th e  f u s e l  o i l s  may become e s t e r i f i e d  
i n t o  a c e t a t e s ,  b u t  t h e  m echanism s a r e  n o t  y e t  c l e a r .  I t  i s  l i k e l y  t h a t  
c h a n g e s  in  th e  c o n s t i t u t i o n  o f  m embrane sy s te m s  w i t h in  y e a s t  c e l l s  a l t e r  
t h e  m e ta b o lism  c o n c e rn e d  w i th  e s t e r  f o rm a t io n .
T h e re  i s  no  e v id e n c e  in  th e  a n a l y t i c a l  f i g u r e s  f o r  th e  " u n p le a s a n t  
e s te r y *  f l a v o u r s  q u o te d  f o r  b e e r s  p ro d u c e d  by s t r a i n  H 1431 in  t h e  l a r g e s t  
s c a l e  f e r m e n ta t io n s  s o  f a r  c o n d u c te d . I t  m ust b e  r e a l i s e d  t h a t  u n t i l  
e v e ry  compound p r e s e n t  i n  b e e r  c a n  b e  i d e n t i f i e d  and q u a n t i f i e d  i t  w i l l  b e  
im p o s s ib le  t o  r e l a t e  th e  p r o d u c t io n  o f  th e s e  m in o r com ponents w i th  o rg a n o ­
l e p t i c  e v a l u a t i o n s .  I t  i s ,  a f t e r  a l l ,  th e  u l t i m a t e  p u rp o se  o f  a  s e l e c t e d  
b re w in g  y e a s t  t o  p ro d u c e  a  p a l a t a b l e  b e e r  o f  c o n s i s t e n t  q u a l i t y .
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APPENDIX 1
D i s t r i b u t i o n  o f  f e r m e n ta t io n  c h a r a c t e r i s t i c s  among 
h y b r id  s t r a i n s  and t h e i r  p a r e n t  y e a s t s
F lo c c u le n c e  t y p e ,  (F Io c c )
I  n o n - f l o c c u l e n t
I I  f a i r l y  f l o c c u l e n t
I I I  f l o c c u l e n t
IV v e r y  f l o c c u l e n t
AB 304 ty p e  f lo c c u le n c e  
AB 1 ty p e  f lo c c u le n c e  
AB 80 ty p e  f lo c c u le n c e
Head f o r m a t io n ,  (H ead)
i, + no h eadfoam  o r  s l i g h t  head  
medium o r  good h ead
A t t e n u a t io n ,  ( A t t )
Good (G)
Medium (M, Med) 
P o o r  (P )
f i n a l  s p ,  g r .  > 0 .0 0 1 5  lo w e r  th a n  t h a t  a t t a i n e d  
by  Y 1
f i n a l  s p .  g r .  = t h a t  a t t a i n e d  by Y 1 -  1 .0 0 1 5  
f i n a l  s p .  g r .  > 0 .0 0 1 5  h ig h e r  th a n  t h a t  a t t a i n e d  
by  Y 1
NB. The h i g h e s t  f i n a l  s p .  g r .  o b ta in e d  n o rm a lly  i s  c a  1 .0 2 0 , and 
t h e  l a r g e s t  s ta n d a r d  d e v ia t i o n  exJp ressed  a s  a  p e rc e n ta g e  o f  
t h e  mean i s  4%. T h e r e f o r e  0 .0 0 1 5  s p .  g r .  u n i t s  l i e  o u t s i d e  
t h e  e r r o r s  o f  t h e  e x p e r im e n t ,  and i n d i c a t e  a  d i f f e r e n c e  i n  
b e h a v io u r .
L ag  p h a s e ,  (L ag ) 
S h o r t  (S )  
Medium (M, Med) 
L ong  (L )
24 h .  EEL r e a d in g  > 0 .7  u n i t s  m ore th an  t h a t  
a t t a i n e d  by t h e  Y 1 c u l t u r e  
24 h .  EEL r e a d in g  = t h a t  a t t a i n e d  by th e  Y 1 
c u l t u r e  -  0 .7  u n i t s  
24 h .  EEL r e a d in g  > 0 . 7  u n i t s  l e s s  th a n  t h a t  
a t t a i n e d  by th e  Y 1 c u l t u r e
NB. The h i g h e s t  24 h .  EEL r e a d in g  o b ta in e d  i s  ^ a  5 .0  u n i t s ,  and 
th e  l a r g e s t  s ta n d a r d  d e v ia t i o n  e x p re s s e d  a s  a  p e rc e n ta g e  o f  
t h e  mean i s  11%. T h e r e f o r e  0 .7  u n i t s  l i e  o u t s i d e  th e  e r r o r s  
o f  t h e  e x p e r im e n t  and i n d i c a t e  a  d i f f e r e n c e  i n  b e h a v io u r .
- 160-
Number o f  h y b r id s
N o, i n d i c a t e s  th e  t o t a l  num ber o f  h y b r id s  p ro d u c e d  be tw een  t h e  
m a te r  s t r a i n s  o f  t h e  two y e a s t s ,
76 T , 11 T , e t c ,  i n d i c a t e  th e  num ber o u t  o f  th e  t o t a l  h y b r id s  
b e tw een  two y e a s t s  a c t u a l l y  t e s t e d .
-1 6 1 -
APPENDIX 1 . CONTINUED
APPENDIX 1
1 .  H y b r id s  o f  b re w e ry  s t r a i n s  o f  S acch aro m y ces  c e r e v i s i a e
P e r c e n ta g e  o f  h y b r id s  w i t h : -
H y b r id s  o f  
y e a s t  
s t r a i n s
Number
o f
h y b r id s
F lo c c u le n c e  t y p e : - H eadf o rm a tio n
ïi
+ + ,
• IV I I I I I I +++,
e t c .
Y 1 X  Y 7 3 0 6 6 .7 3 3 .3 0 3 3 .3 0 6 6 .7
Y 1 X  Y 8 2 0 0 100 0 5 0 .0 0 5 0 .0
Y 1 X  Y 9 6 0 0 0 100 3 3 .3 0 6 6 .7
Y 1 X  Y 10 1 0 100 0 0 0 100 0
Y 1 X  Y 26 69 68 T 8 6 .1 1 3 .9 0 0 6 1 .5 1 7 .0 2 1 .5
Y 1 X  Y 80 66  
65  T 6 4 .6 2 4 .6 1 0 .8 0 8 0 .0 6 .2 1 3 .8
Y 1 X  Y 304 36 35 T 4 8 .6 1 7 .1 2 .9 3 1 .4 4 5 .7 2 2 .9 3 1 .4
—162—
A tte n u a t io n :4- L ag p h a s e : - C h a r a c t e r i s t i c s  o f  p a r e n t  s t r a i n s
Good Med P o o r S h o r t Med Long Y F lo c c Head A t t L ag
1 I I I ++ M M-L
3 3 .3 0 6 6 .7 0 3 3 .3 6 6 .7
7 I I - I I I +++ G M-L
1 I I I ++ M M-L
0 100 0 100 0 0
8 I I I + M 8
1 I I I ++ M M-L
8 3 .3 0 1 6 .7 3 3 .3 5 0 .0 1 6 .7
9 I I I -H- P 8
1 I I I ++ M M-L
0 100 0 0 0 100
10 I I - I I I ++ P L
1 I I I ++ M M-L
1 7 .5 2 2 .2 6 0 .3 1 0 .8 4 1 .5 4 7 .7
26 IV - M-G 8
1 I I I ++ M M-L
4 .7 2 1 .9 7 3 .4 2 0 .0 4 1 .5 3 8 .5
80 IV - P S-H
1 I I I ++ M M-L
2 2 .9 4 0 .0 3 7 .1 3 4 .3 4 8 .6 1 7 .1
304 I I + G M
-1 6 3 -
APPENDIX 1 . CONTINUED,
APPENDIX 1
2 .  H y b r id s  o f  b rew e ry  s t r a i n s  o f  S acch aro m y ces  c e r e v i s i a e
P e r c e n ta g e  o f  h y b r id s  w i t h : -
H y b r id s  o f  
y e a s t  
s t r a i n s
Number
o f
h y b r id s
F lo c c u le n c e  t y p e : H eadf o rm a t io n : -
IV I I I I I I -
++;
+++,
e t c .
T  7 X Y 8 3 3 3 .3 3 3 .3 3 3 .3 0 0 0 100
Y 7  X Y 10 4 0 5 0 .0 2 5 .0 2 5 .0 5 0 .0 0 5 0 .0
Y 7 X Y 26 113 4 4 .2 1 5 .0 3 6 .3 4 .4 2 3 .9 4 2 .5 3 3 .6
Y 7  X Y 80 7 4 2 .9 1 4 .3 0 3 2 .9 7 1 .4 0 2 8 .6
Y 7 X  Y 304 1 0 0 100 0 0 0 100
Y  8 X Y 9 1 0 0 0 100 100 0 0
Y 8  X  Y 10 15 14 T 7 .1 3 5 .7 5 0 .0 7 .1 2 1 .4 2 8 .6 5 0 .0
Y  8 X Y 304 2 0 100 0 0 0 100 0
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A tte n u a t io n Lag* p h a se C h a r a c t e r i s t i c s  o f  p a r e n t  s t r a i n s
Good Med P o o r S h o r t  Med Long F lo c c  H ead A t t  L ag
I I - I I I +++
6 6 .7  3 3 .3100
I I I
M-LI I - I I I
2 5 .0  5 0 .0  2 5 .0 2 5 .0  7 5 .0
10 I I - I I I
M-LI I - I I I +++
1 3 .3  4 5 .1  4 1 .6 1 2 .4  2 2 .1  6 5 .5
M-G26 IV
M-LI I - I I I
1 4 .3  2 8 .6  5 7 .1 2 8 .6  5 7 .1  1 4 .3
S-M80 IV







7 .1  7 8 .6  1 4 .3 2 8 .6  2 1 .4  5 0 .0
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APPENDIX 1
3 .  H y b r id s  o f  b re w e ry  s t r a i n s  o f  S acch aro m y ces  c e r e v i s i a e
P e r c e n ta g e  o f  h y b r id s  w i t h : -
H y b r id s  o f  
y e a s t  
s t r a i n s
Number
o f
h y b r id s
F lo c c u le n c e  ty p e : - H eadf o rm a t io n : -
• IV I I I I I I -
++,
+++,
e t c .
Y 9 X  Y 26 55 53 T 1 1 .3 0 .4 0 7 9 .3 4 5 .3 4 1 .5 1 3 .2
Y 9 X  Y 80 20* 0 0 0 100 1 5 ,0 5 5 .0 3 0 .0
Y 9 X  Y 304 11 - 0 0 0 100 7 2 ,7 1 8 .2 9 .1
Y 26 X  Y 80 78 76 T 9 2 .1 2 .6 3 2 .6 3 2 .6 3 8 9 .5 7 .9 2 .6
Y 26 X  Y 304 40 5 7 .5 1 0 .0 0 3 2 .5 9 0 .0 2 .5 7 .5
Y 80  X  Y 304 • 20 4 0 .0 1 0 .0 5 .0 4 5 .0 9 0 .0 5 ,0 5 .0
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A tte n u a t io n : - L ag  p h a s e : -
C h a r a c t e r i s t i c s  o f  
p a r e n t  s t r a i n s
Good Med P o o r S h o r t Med Long Y F lo c c Head A tt L ag
9 I I I ++ P S
6 6 .6 7 .6 3 5 .8 4 1 .5 5 0 .9 7 .6
26 IV - M-G s
9 I I I ++ P s
7 0 .0 2 0 .0 1 0 .0 5 5 .0 1 5 .0 3 0 .0
80 IV - P S-M
9 I I I ++ P s
7 2 .7 9 .1 1 8 .2 2 7 .3 5 4 .5 1 8 .2 -
304 I I + G M
26 IV M-G s
9 .2 2 3 .7 6 7 .1 2 5 .0 5 3 .9 2 1 .1
80 IV - P S-M
26 IV m. M-G S
1 5 .0 4 5 .0 4 0 .0 3 5 .0 3 7 .5 2 7 .5
304 I I + G M
80 IV _ P S-M
1 0 ,5 1 0 .5 7 9 .0 5 0 .0 2 5 .0 2 5 .0
304 I I + G M
-1 6 7 -
APPENDIX 1 . CONTINUED
APPENDIX 1
4 .  H y b r id s  o f  b re w e ry  s t r a i n s  o f  S acch aro m y ces  c e r e v i s i a e  w ith  AB 41 
and 4 3 , s t r a i n s  o f  S acch aro m y ces  c a r l s b e r g e n s l s
P e r c e n ta g e  o f  h y b r id s  w i t h : -
H y b r id s  o f  
y e a s t
Number
o f F lo c c u le n c e  ty p e : -
H ead
f o rm a tio n
s t r a i n s h y b r id s
IV I I I I I I ~
++,
+++,
e t c .
Y 1 X  y  41 4 0 7 5 .0  . 2 5 .0 0 5 0 .0 5 0 .0 0
Y 26 X Y 41 20 2 0 .0 6 5 .0 5 .0 1 0 .0 6 5 .0 3 5 .0 0
Y 80 X  Y 41 9 0 8 8 .9 1 1 .1 0 4 4 .4 5 5 .6 0
Y 1 X  Y 43 8 ^ 0 2 5 .0 3 7 .5 3 7 .5 2 5 .0 6 2 .5 1 2 .5
Y 7  X  Y 43 13 11 T
0 2 7 .3 6 3 .6 9 .1 1 8 .2 2 7 .3 5 4 .5
Y 8 X  Y 43 47 45  T 4 .4 2 8 .9 5 1 .1
1 5 .6 1 7 :8 6 0 .0 2 2 .2
Y 10  X  Y 43 27 26 T 0 3 0 .8 6 1 .5 7 .7 1 5 .4 3 0 .8 5 3 .8
y  304  X  Y 43 15 0 2 0 .0 8 0 .0 0 6 .7 6 6 .7 2 6 .7
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A tte n u a t io n : - L ag  p h a s e : -
C h a r a c t e r i s t i c s  o f  
p a r e n t  s t r a i n s
Good Med P o o r S h o r t Med Long Y F lo c c Head A tt L ag
1 I I I ++ M M-L
0 2 5 .0 7 5 .0 0 0 100
41 I I - I I I + M L
26 IV M-G S
0 2 0 .0 8 0 .0 5 .0 5 .0 9 0 .0
41 I I - I I I + M L
80 IV P S-M
0 0 100 0 11 .1 8 8 .9
41 I I - I I I + M L
1 I I I ++ M M-L
0 6 2 .5 3 7 .5 1 2 .5 6 2 .5 2 5 .0
43 I + M-P S
7 I I - I I I +++ G M-L
3 6 .4 4 5 .5 1 8 .2 1 8 .2 7 2 .7 9 .1
43 I + M-P S
8 I I I + M 8
8 .9 4 8 .9 4 2 ,2 3 7 .8 4 2 .2 2 0 .0
43 I + • M-P S
10 I I - I I I ++ P L
2 3 .1 4 2 .3 3 4 .6 3 8 .5 5 0 .0 1 1 .5
43 I + M-P 8
304 I I + G M
1 3 .3 8 0 .0 6 .7 3 3 .3 6 0 .0 6 .7
43 I + M-P 8
-1 6 9 -
APPENDIX 1 . CONTINUED
APPENDIX 1
5 .  H y b r id s  o f  b re w e ry  s t r a i n s  o f  S acch aro m y ces c e r e v i s i a e  w i th  
b re w e ry  s t r a i n s  o f  S acch aro m y ces  c a r l s b e r g e n s l s
P e r c e n ta g e  o f  h y b r id s  w i t h : -
H y b r id s  o f  
y e a s t  
: s t r a i n s
Number
o f
h y b r id s
F lo c c u le n c e  t y p e : H eadf o rm a tio n : -
IV I I I I I I - ± .+ .
++,
+++,
e t c .
Y 1 X  Y 93 24 0 2 5 .0 1 2 .5 6 2 .5 7 0 .8 1 6 .7 1 2 .5
Y 7 X  Y 93 2 0 0 100 0 0 0 100
Y 8 X  y  93 2 0 5 0 .0 5 0 .0 0 0 100 0
Y 10  X  Y 93 2 0 5 0 .0 5 0 .0 0 0 100 0
Y 26 X  Y 93 86 5 .8 5 2 .3 3 2 .6 9 .3 6 2 .8 2 3 .3 1 3 .9
Y 8 0  X  Y 93 51 3 5 .3 3 9 .2 1 1 .8 1 3 .7 8 6 .3 1 3 .7 0
Y 1 X  Y 140 3 3 3 .3 3 3 .3 0 3 3 .3 100 0 0
Y 26 X  Y 140 5 4 0 .0 4 0 .0 0 2 0 .0 8 0 .0 2 0 .0 0
Y 80 X Y 140 4 2 5 .0 7 5 .0 0 0 100 0 0
-1 7 0 -
A t te n u a t io n : - L ag  p h a s e : -
C h a r a c t e r i s t i c s  o f  
p a r e n t  s t r a i n s
Good Med P o o r S h o r t Med L ong Y F lo c c Head A tt L ag
1 I I I ++ M M-L
8 .3 3 7 .5 5 4 .2 3 7 .5 5 0 .0 1 2 .5
93 I - I I + M L
7 I I - I I I -H-+ G M-L
0 5 0 .0 5 0 .0 5 0 .0 5 0 .0 0
93 I - I I + M L
8 I I I + U S
0 100 0 5 0 .0 5 0 .0 0
93 I - I I + M L
10 I I - I I I ++ P L
0 5 0 .0 5 0 .0 0 0 100
93 I - I I + M L
26 IV « M-G S
1 7 .4 3 3 .7 4 8 .8 1 1 .6 4 5 .4 4 3 .0
93 I - I I + M L
80 IV P S-M
1 7 .6 5 6 .9 2 5 .5 7 .8 4 5 .1 4 7 .1
93 I - I I + M L
1 I I I ++ M M-L
0 6 6 .7 3 3 .3 3 3 .3 3 3 .3 3 3 .3
140 I I - I I I + M-G M-L
26 IV . . M-G S
0 4 0 .0 6 0 .0 2 0 ,0 2 0 .0 6 0 .0
140 I I - I I I + M-G M-L
80 IV _ P S-4!
0 5 0 .0 5 0 .0 0 2 5 .0 7 5 .0
140 I I - I I I + M-G M-L
-1 7 1 -
APPENDIX 1 . CONTINUED
APPENDIX 1
6* H y b r id s  o f  b re w e ry  w i th  b a k e ry  o r  d i s t i l l e r y  s t r a i n s  o f  
S acch aro m y ces c e r e v i s i a e
P e r c e n ta g e  o f  h y b r id s  w i t h : -
H y b r id s  o f  
y e a s t  
s t r a i n s
Number
o f
h y b r id s
F lo c c u le n c e  ty p e Headfo rm a tio n
IV I I I I I I — ± , + .
+ + ,
+++,
e t c .
Y 1 X  Y 32 6 5 T 0 0 100 0 0 100 0
Y 1 X  Y 33 1 0 0 100 0 0 100 0
Y 1 X  Y 261 2 0 6 0 .0 5 0 .0 0 0 6 0 .0 6 0 .0
Y 7  X  Y 32 10 0 0 100 0 1 0 .0 7 0 .0 2 0 .0
Y 7  X  Y 33 2 0 5 0 .0 5 0 .0 0 0 5 0 .0 5 0 .0
Y 8  X Y 32 32 0 6 .2 9 3 .8 0 3 .1 9 6 .9 0
Y 8 X  Y 33 5 0 0 6 0 .0 4 0 .0 0 8 0 .0 2 0 .0
Y 8  X  Y 261 11 0 4 5 .5 5 4 .5 0 9 .1 9 0 .0 0
-1 7 2 -
A tte n u a t io n : - L ag  p h a s e : -
C h a r a c t e r i s t i c s  o f  
p a r e n t  s t r a i n s
Good Med P o o r S h o r t Med Long Y F lo c c H ead A tt L ag
1 I I I ++ M M-L
0 6 0 .0 4 0 .0 2 0 .0 8 0 .0 0
32 I - I I - M-P S
1 I I I ++ U M-L
0 100 0 0 100 0
33 I - I I + G S-M
1 I I I ++ M M-L
6 0 .0 5 0 .0 0 5 0 .0 5 0 .0 0
261 I + G S
7 I I - I I I +++ G M-L
1 0 .0 9 0 .0 0 4 0 .0 6 0 .0 0
32 I - I I - M-P S
7 I I - I I I +++ G M-L
5 0 .0 5 0 .0 0 5 0 .0 5 0 .0 0
33 I - I I + G S-M
8 I I I + M S
3 .1 9 6 .9 0 2 5 .0 5 6 .3 1 8 .7
32 I - I I - M-P S
8 I I I + M S
2 0 .0 8 0 .0 0 100 0 0
33 I - I I
+
G s ^
8 I I I + M s
2 7 .3 5 4 .5 1 8 .2 1 8 .2 6 3 .6 1 8 ,2
261 I
+ G s
-1 7 3 -
APPENDIX 1 .  CONTINUED
I .
APPENDIX 1
7 .  H y b r id s  o f  b re w e ry  w i th  b a k e ry  o r  d i s t i l l e r y  s t r a i n s  o f  
S acch aro m y ces  c e r e v i s i a e
P e r c e n ta g e  o f  h y b r id s  w i t h ; -
ï;Hy b r id s  o f  
y e a s t  
s t r a i n s
Number
o f
h y b r id s
F lo c c u le n c e  t y p e : -
Head
f o rm a tio n
IV I I I I I I -
++,
+++,
e t c .
Y 9 X  Y 33 6 0 0 0 100 8 3 .3 1 6 .7 0
Y 9 X  Y 261 14 0 0 0 100 5 7 .1 2 1 .4 2 1 .4
Y 10 X  Y 32 18 0 1 1 .1 8 8 .9 0 1 1 .1 7 2 .2 1 6 .7
Y 10 X  Y 33 6 1 6 .7 1 6 .7 5 0 .0 1 0 .7 1 6 .7 3 3 .3 5 0 .0
Y 10 X Y 261 5 0 8 0 .0 2 0 .0 0 0 8 0 .0 2 0 .0
Y 32 X  Y 304 16 0 0 8 7 .5 1 2 .5 2 5 .0 7 5 .0 0
Y 33 X Y 304 3 0 0 100 0 0 100 0
Y 261 X  Y 304 3 0 0 100 0 0 100 0
-1 7 4 -
A tte n u a t io n ; - L ag  p h a s e ; -
C h a r a c t e r i s t i c s  o f  
p a r e n t  s t r a i n s
Good Med P o o r S h o r t Med Long Y F lo c c Head A t t L ag
9 I I I ++ P S
5 0 .0 5 0 .0 0 0 100 0
33 I - I I + G S-M
9 I I I ++ P S
3 5 .7 2 8 .6 3 5 .7 1 4 .3 6 4 .3 2 1 .4
261 I + G S
10 I I - I I I ++ P L
5 .6 8 8 .9 5 .6 2 2 .2 5 0 .0 2 7 .8
32 I - I I - M-P S
10 I I - I I I ++ P L
3 3 .3 5 0 .0 1 6 .7 1 6 .7 6 6 .7 1 6 .7
33 I - I I + G S-M
10 I I - I I I ++ P L
4 0 .0 4 0 .0 2 0 .0 6 0 .0 2 0 .0 2 0 .0
261 I + G S
32 I - I I M-P S
0 6 2 .5 3 7 .5 1 8 .8 6 8 .8 1 2 .5
304 I I — G M
33 I - I I + G S-M
0 100 0 0 100 0
304 I I + G M
261 I + G S
0 6 6 .7 3 3 .3 6 6 .7 3 3 .3 0
304 I I + G M
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APPENDIX 1
8 ,  H y b rid s  o f  n o n -b re w e ry  s t r a i n s  o f  S acch aro m y ces  c e r e v i s i a e  and 
S acch aro m y ces  c a r l s b e r g e n s i s
P e r c e n ta g e  o f  h y b r id s  w i t h : -
H y b r id s  o f  
y e a s t  
s t r a i n s
Number
o f
h y b r id s
F lo c c u le n c e  t y p e : - Headfo rm a tio n
IV I I I I I I - ± .+ .
++ ,
+++,
e t c .
Y 32 X  y  43 54 0 0 2 0 .4 7 9 .6 9 .3 9 0 .7 0
Y 33 X Y 43 43 T 0 0 6 6 .7 3 3 .3 0 100 0
Y 261 X  Y 43 12 0 0 0 100 8 .3 9 1 .7 0
Y 32 X  Y 33 7 0 0 2 8 .6 7 1 .4 0 100 0
Y 32  X  Y 261 14 0 0 4 2 .9 5 7 .1 7 .1 9 2 .9 0
-1 7 6 -
A tte n u a t io n L ag  p h a s e : - C h a r a c t e r i s t i c s  o f  p a r e n t  s t r a i n s
Good Med P o o r S h o r t Med Long Y F lo c c Head A t t L ag
32 I - I I M-P S
5 .6 6 8 .5 2 5 .9 4 8 .1 3 7 .0 1 4 .8
43 I + P S
33 I - I I + G S-M
3 3 .3 6 6 .7 0 0 3 3 .3 6 6 .7
43 I + P S
261 I + G S
2 5 .0 5 0 .0 2 5 .0 2 5 .0 6 6 .7 8 .3
43 I + P S
32 I - I I — M-P S
4 2 .9 5 7 .1 0 4 2 .9 4 2 .9 1 4 .2
33 I - I I + G S-M
32 I - I I M-P S
7 .1 5 0 .0 4 2 .9 1 8 .6 5 7 .1 1 4 .3
261 I + G S
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Y e a s t  H y b r i d i z a t i o n
ELIZABETH C LA Y TO N , G. A. HOW ARD, and P. A . M ARTIN, B rew eries (P roduction ) L td ., 
B u rto n  upon Trent, E ngland
T he yeasts used at present in the brewing industry have arisen from conscious or unconscious selections over a 
very long time, and we have today  a variety o f strains 
particularly suited to top  and b o t to m  ferm enta tions of many 
kinds (11).
In traditional brewing practice, the physical behavior o f a 
yeast in the system used and its activity during bo th  primary 
and secondary fe rm enta tion  were principal factors in ensuring 
c o n s i s t e n t  p ro d u c t  quality. Recent trends in brewing 
technology (e.g., con tinuous ferm enta tion , large vessels, 
c e n t r i f u g e s ,  the production of filtered beers) and the 
continuing economic demand for efficient plant utihzation 
have put a different emphasis on the types of yeast required, 
and it is likely tha t  certain p rop e r t ie s -e .g . ,  fermentation  
r a t e —will receive greater emphasis in the fu ture.
Three approaches to the im provem ent of present brewing 
strains were considered by the authors. The first, continued 
selection from existing strains, was rejected as being a very 
long term developm ent with the prospect of probably only 
limited improvement.  The second, the use of mutagens, was 
also rejected since this could equally in troduce deleterious 
properties as well as im provem ents so that the yeasts produced 
could well require extensive exam ination  of their metabolism. 
The third approach, hybrid ization, appeared best suited to the 
production  of strains w ith  general im provem ent in brewing 
p r o p e r t i e s  b e c a u s e  o f  i t s  su c c e s s fu l  use elsewhere. 
Hybridization has been used successfully to produce baking 
yeasts of high ferm enta tion  rate (2), to  improve distilling
yeasts (12) ,  and also to  increase alcohol yields in the 
fe rm enta tion  o f  molasses (13,14). The hybridization o :  
brewing yeasts has been examined by a num ber  of w orkers  
(1 ,6 ,9) ,  and Windisch et al. (19) have paten ted  a higfd) 
a ttenuative hybrid  produced from strains of Scicchsrom vccs 
carlsbergensis and S. diastaticus. Hybridization has been 
successful as a m ethod  of producing strains where a need has 
been clearly sta ted.
The genetical s t ruc ture  o f brewing yeasts can be very 
com plex; many strains are know n to  be tr iploid. polyploid, or 
aneuploid (5 ) ;  they may not sporulate; they  may give sterile 
spores or only one  to three spores per ascus. Fertile spores 
thus  may no t be haploid, and we will use the term 'm ater '  for 
any  product of sporulation  or any yeast strain capable or 
mating directly with another .
P o w ell  (7) reported  tha t  the best hybrids are n o t  
necessarily derived from either the parent or mating strains 
with  apparently  the most desirable characteristics. .An exam ple  
of the reason for this may be seen in the ferm enta tion  o :  
maltose, which is clearly of major im portance to the brewer 
Up to six genes may be responsible for the ferm enta tion  or 
this sugar (15 ,20)  and their effect is additive, i.e.. the .more 
maltose genes a yeast contam s the faster it will fe rm en : 
maltose. The way in which these genes segregate during  
sporulation  and recombine in mating will haw  a maior 
influence on the ferm enta tion  characteristics of a new hybrid 
It has also been reported  that five genes are responsible for the 
p roduc t ion  of invertase (16), and Oocculence in a brewing
-1 7 8 -
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yeast is thought to be under the  contro l  of three dom inan t  
genes (18).
Because of b o th  the complex ploidy of brewing yeasts and 
o f  the  possible additive effect o f large numbers  of genes in 
de term ining overall fe rm enta tion  efficiency, we have no t made 
any detailed genetical analyses; rather, we a t tem p ted  to 
p roduce improved hybrids by sporulating and mating directly 
from yeast strains of accepted fermentation  or flavor 
characteristics.
M ethod
T he  procedure for producing hybrid yeasts may be 
followed in Fig. 1.
Samples o f parent yeasts grown on MYGP agar were 
streaked on to  slopes of a pre-sporulation medium containing 
2.0% glucose, 0.2% potassium d ihydrogen phosphate ,  0.2% 
am m on iu m  sulfate, 0.5% yeast ex trac t ,  and 1.5% agar ' .  The 
slopes were incubated  for 48 hours  at 20°C. and the cultures 
washed off  with  0.2 ml. quarter-s trength Ringer’s solution. 
Heavy inocula of the suspensions were streaked o n to  slopes of 
a s p o r u l a t i o n  medium containing 0.1% glucose, 0.18% 
potassium chloride, 0.25% yeast ex trac t ,  0.82% sodium acetate, 
and 2.0% agar ‘ . The slopes were incubated  for 48 hours, then 
examined every 24 hours for spore form ation using malachite 
green/saffranin spore stain.
Sporulating cultures were washed from the slopes with 10 
ml. o f MYGP b ro th  and incubated  in this m edium  for 1"S hours 
at 25*(^ to liberate spores from the asci. Dilutions of these 
cultures in quarter-s trength R inger’s solution contain ing 1% 
Tween 80 were plated o n to  WLN agar (10) and incubated  for 
72 hours  at 25°C. Small or unusual colonies, assumed to  arise 
from spores, were incubated on to  sporula tion  agar. Samples of 
the parent yeasts were streaked out at the same time, and 
w hen these sliowed sporulation the spore colonies were also
C^ow In Preicw rulation mo-di
In cu b o tem  tp p ru la ttop  m edium
M irtu re  c f  sporuiatm g and non sooculatm q cells
Large yeast colonic»
checfc sporu lation
fq e c t
Paren t yeasts tha t 
will n o t sporulate
de te rm ine  nsating type
I  r M  t I ^  Mjnrwj ry œ  |  |  i ;  i M ating rype j j Sterde |
[ H ytxid
Figure 1. Scheme fo r  producing hybrid yeasts.
*G. M. Allen and K. Aim. Private com m unica t ion  to  I .abatts 
Brewery, L ondon, Ontario ,  1967.
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examined, Non-sporing cultures were assumed to be derived 
from spores, and subcultures were stored on MYGP agar for 
fu r ther  examination .
The mating type of these cultures was determined by 
inoculating on MYGP agar plates with standard a and a  marker 
strains (H R 8c and lIQ5c, respectively; supplied by  R. R. 
Fowell). Mating was initially detec ted  by zygote formation 
and confirmed by sporulation of the hybrid on sporulation 
agar. Hybridization between suitable mating strains was carried 
o u t  similarly, and hybrids were separated from contam inating  
‘m a te r ’ cells by repeated subculture in 10 ml. of 1.040 SG 
w ort for three successive days at 25°C. During this time the 
hybrids  outgrew the ‘maters’ and were finally inoculated on to  
MYGP slopes and stored at 4°C.
Some parent yeasts, which will be discussed later, would 
no t sporulate, but could mate directly with some active mating 
strains. Hybrids be tw een these yeasts and ‘maters’ were made 
by the procedures above.
Genetical stability o f hybrids was determ ined by repeated 
subculturing in w ort  and examination of each subculture on 
W L N  a g a r  ( 1 0 ) .  F l o c c u l e n c e  w a s  e s t im a te d  by a 
m o d i f ic a t io n  of the Chester Method (3). The brewing 
properties o f the large num ber o f  hybrids produced were 
initially examined by recording head form ation , sedimentation, 
and ferm enta tion  rate in 10 ml. microferm enta tions at 25°C. 
Selected hybrids were compared against their parent strains in
1.25 liter ale ferm enta tions in 900 X 60-mm. diam eter tubes at 
21°C., and the most interesting hybrids were fur ther evaluated 
in 20 liter microbreweiy^ ale fermentations at 2 1 ’’C. In all cases 
a commercial pale ale brewery w ort  of SG 1.040 was used for 
the fermentations.
Discussion
The yeasts chosen for our breeding program showed 
m a r k e d  d i f fe re n c e s  in their ability to  sporulate. The 
commercial baking yeasts sporulated well, giving tou r  spored 
asci. Some brewing strains o f S. cerevisiae sporulated poorly, 
usually producing two to three spored asci, and the brewing 
strains o f  S. carlsbergensis were even more difficult to 
sporulate, giving two, one.or no spores per ascus.
Table I shows the sporulating ability and mating type 
d is tr ibution  of spores produced from the yeasts selected. Only, 
one  o f  the seven brewing strains of S. carlsbergensis strains 
gave any fertile spores. The 5. cerevisiae strains with the lower 
sporulating abilities tended to give higher levels of sterile 
spores. This has been reported to  indicate a high ploidy in the 
parent yeast (5). Mating has been explained by diffusion o f  a 
sex factor from the ‘a ’ strain inducing mating activity in the ‘a ’ 
strain (4), bu t the high incidence of mater strains in our work 
with b o th  ‘a ’ and ‘a ’ activity casts dou b ts  on this simple 
theory . A to ta l  o f  122 maters were produced, and 55 of these 
were fertile. Nine hundred  th irty  crosses were made between 
these matters, but only 410, i.e., 44% were successful. Crosses 
in which bo th  parents were brewing strains had a success rate 
o f  15%, but where only one parent was a brewing strain, the 
success rate was 45%; where both  parents were non-brewing 
strains, the success rate was 80%. These figures illustrate the 
sterility of mating strains derived from brewing yeasts, and the 
fertility in troduced  into yeasts derived from o ther  breeding 
programs. Three hybrids produced from brewing yeast strains 
were re-sporulated, and the fertile maters obtained were used 
to  produce ‘second genera tion’ hybrids. The crosses between 
these matters had an 80% success rate, indicating the fertility 
th a t  may be built into a breeding program once the ‘first 
g enera t ion ’ crosses have been made.
Some yeasts, particularly strains of S. carlsbergensis tha t  
failed to sporulate, or that sporulated poorly yielding only 
sterile spores, were found to mate directly with the highly 
active ‘a’ and ‘a ’ marker mating strains. These yeasts v/ere










Distribution of Maters 
a a  a/a sterile 
% % % %
S. cerevisiae. 1 6 10 10 80
ale-brewing 7 25 25 25 50
strains 8 82 38 38 24
9 2 100
10 18 45 11 , 22 22
80 37 F 100
304 53 50 17 ... 33
S. carlsbergensis. 41 5 ... 100
lager-brewing 90 0 « », ••• ...
strains 92 10 ... 100







strain 43 50 11 45 22 22
5. cerevisiae.
commercial 32 62 43 14 14 29
baking strains 33 31 ... 50 50
S. cerevisiae. 
commercial
distillery strain 261 36 ... 39 ... 61
mated with all the appropriate  mating strains tha t had been 
isolated, bu t the S. carlsbergensis strains would only  mate with 
tw o  o f  the 55 fertile maters — an ‘a ’ strain from a brewing 
yeast and an ‘a ’ strain from a commercial baking yeast. These 
tw o  maters had already been noted  for their high mating 
activity , but we do not know  how they derive this. It has been 
repor ted  that strains of S. carlsbergensis are ho mot ha Hi c or 
hom ozygous for mating type (5), bu t this is not necessarily so, 
since we have found two of our seven strains (AB 93 and AB 
94) b o th  ‘a ’ and ‘a ’ in mating activity.
Most hybrids produced were genetically stable, but some 
broke  down to give a num ber of stable yeasts which could be 
examined further;  o thers  broke dow n to give a number of 
p roduc ts  which were themselves unstable, and these were 
rejected.
A large num ber o f  crosses were made between the fertile 
mating strains of the commercial baking and disti ll ing yeasts 
and brewing strains, but the presence of the baking and 
distilling strains appeared to confer non-ilocculence to the 
hybrid . In a fur ther experim ent,  mating strains from two 
non-flocculent and fast-fermenting hybrids were mated with 
maters  from tliree yeasts showing a high level o f  flocculence. 
In 153 successful crosses, only 16 hybrids showed any degree 
o f  flocculence. A lthough we have not approached this work 
from  a genetic basis, we have found a repeated absence of 
flocculence in progeny from flocculent strains, which leads to 
the  conclusion that reports  of flocculence being a donunan t 
character (8 ,17 ,18) are misleading as a general s ta tem ent.
The potential improvement in the ferm enta tion  rate of 
hybrids may be seen by examining two hybrids (ABU 10 and 
ABH 13). Both are ‘first genera t ion’ crosses o f  maters from 
commercial brewing strains of S . cerevisiae. In 1.25 liter tube 
ferm enta tions (Fig. 2), hybrid .ABU 10 had a significantly 
be tte r  ferm enta tion  rate and a ttenua tion  than either of its 
parents ; it had a high head-forming potentia l and was
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non-flocculent, giving a high yeast concen tra tion  in the beer af 
the end of ferm enta tion . These parameters were confirmed 
when com pared  with an o th e r  commercial yeast in 20 liter 
microbrewery ferm enta tions (Fig. 3). Tube ferm enta tions 
(1 .25  liter) o f  hybrid ABH 13 (Fig. 4) showed that this had a 
shorter  lag phase and higher fermentation  rate than e ither of 
its parents.  Its a t ten ua t io n  was equal to  the b e t te r  parent. It 
was a non-head former and non-t 'locculent, leaving a high 
concentra tion  o f  yeast in the beer at the end o f  ferm enta tion . 
These properties were again confirmed in microbrewer}' 
fe rm enta tion  (Fig. 5).
I t  is d i f f i c u l t  to correlate tube and microbrewery 
ferm enta tions with actual brewery practice. Fowell^ has 
repor ted  tha t the first hybrids in troduced in to  the baking 
industry reduced ferm enta tion  times by about 50%. It is not 
though t tha t  the hybrids we have produced would give such 
large reductions, bu t time savings of 10 to  20'% would appear 
realistic.
Brewing yeasts have a complex genetic structure  and 
appear to be well selected for their purposes, bu t this work 
i n d i c a t e s  t h a t  h y b r i d i z a t i o n  may give a significant
Motr»«r«er
Figure 2. Tube ferm entations o f  hybrid (ABH 10) and parent yeast 
strains (AB 7 and A B  10).
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Figure 3. Microbrewery ferm entations o f  hybrid (ABH 10) and  
commercial yeast strains (AB 1).
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im provem ent in perform ance if the properties of the required 
type  o f  yeast are initially well defined.
S um m ary
H ybridization has been investigated as a possible technique 
for improNing tradit ional brewery yeast strains, and for 
i n t r o d u c i n g  p r o p e r t i e s  re q u i re d  by modern brewing 
technology v/hile retaining characteristic p roduct flavors.
— K —X-
Figure 4. Tube fermentations o f  hybrid (ABH 13) and parent yeast 
strains (AD 1 and AB  8).
Figure 5. Microbrewery fermentations o f  hybrid (ABH 13} and 
commercial yeast strains (AB 1).
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Mass mating techniques were adopted  as being particularly 
suited to the breeding o f  industrial yeasts, where a general 
im provem ent was required by increasing the total level of 
genetic material ra ther than the developm ent o f an isolated 
property .
Ale, and particularly lager, yeasts in regular brewery use 
sporulated poorly  and gave few fertile mating strains. In 
contrast,  baking and distilling yeasts of high ferm enta tion  rate 
originally from o ther  breeding programs sporulated well and 
gave m any fertile maters. But in extensive cross mating with 
brewing strains, they  gave few hybrids of interest.
Some hybrids  from brewing yeast strains had shorter lag 
p h a s e s  a n d  b e t t e r  fe rm enta tion  rates and attenuating  
properties than  their parents, but lacked flocculence. The 
hybrids formed sporulated m uch  more readily than did theii 
parents, and gave.a high propor tion  of fertile mating strains for 
fu r ther hybrid ization.
Hybrid ization with mating strains from flocculent yeasts 
generally resulted in non-flocculent hybrids or the loss of 
o th e r  desirable properties. Our data disagree w ith  the simple 
genetic theory  o f  flocculence advanced by o ther  workers.
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